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Some Practical Considerations in the Design 
and Manufacture of Neon Signs 


By A. URQUHART, B.A. (Cantab.) 


Summary 
The neon sign (a generic term embracing all high voltage illuminated signs and displays) 


is assuming an important place in the urban scene by night. 


The manufacture and 


application of neon signs involve the architect, the lighting engineer and the signmaker. 
New materials mean added scope for all three, and also added need for consultation in 


design. 


The paper presents the signmaker’s view, his needs and his difficulties, his technical 


contributions, and the factors influencing his designers. 


The function and scope of the 


neon sign, the association of architectural themes and local atmosphere, the suitability 
and legibility of letter styles, the legal requirements, and the conformity with I.E.E. 
Regulations and British Standards in design, manufacture and installation, are discussed 


and illustrated. 


(1) Prejudice and Progress 


In a comparatively short time, a remarkable 
change has overtaken the neon sign industry ; 
it has apparently become “ respectable.”” From 
architectural and lighting journals comes a growing 
indication that the signmaker may now be 
admitted as a serious and responsible member of 
the engineering community, and he now takes 
his place in the forum, thankful that such pro- 
fessional liaison is at last established. The deep- 
seated prejudice of the early days can perhaps be 
explained by the fact that the many technical 
problems attendant on a developing industry, 
involved such preoccupation that the study of 
pure design was necessarily left to mature slowly. 
In those early years manufacturing techniques 
were raw, control equipment immature, and the 
available colours limited to the basic neon and 
argon mercury discharges, and these inadequacies 
commanded the attention more than the field of 
design. Indeed, it can truthfully be said that in 
those days, the accent was on the manufacture of 
tubes which would stay alight. 

It will be recognised also, however, that in a 
country with so many old buildings, hardly one 
sign in a hundred could be erected on a building 
which had been previously considered as a 
probable setting for a neon sign. Even on new 
buildings, it was quite normal for the signmaker 
to be called upon to display his craft as a hap- 
hazard afterthought when the architect and 
builders had left the scene, no provision having 
been made even for concealed cable-runs and 
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transformer housings. In the absence of pro- 
fessional consultation, only too often the customer 
and his purse were the sole arbiters of the size and 
suitability of an installation. It is small wonder, 
therefore, that results were often deplorable, 
increasing the reluctance of professional authorities 
to associate themselves with the development of 
sign design. 

Today, however, no forward-thinking architect 
will complete his designs for business premises 
before he has considered the inclusion of a neon 
sign ; a sign which can be seen to be part of his 
own concept, and where even the colour, style 
and design of the lettering can be exactly 
appropriate. 

In town planning, too, some progressive local 
authorities, recognising that a demand for neon 
signs will inevitably follow in the train of any 
building programme, have abandoned their earlier 
negative approach, and have taken the positive 
step of prescribing certain business areas of their 
new towns where signs will not only be permitted, 
but actually encouraged. Buildings are planned 
and facades designed by the authorities’ architects, 
incorporating suggested schemes for suitable 
illuminated signs ; suitable not only for the par- 
ticular building and business they identify, but 
also suited to the atmosphere and character of the 
precinct. 

One visualises now the restaurant and cinema 
area of the new town very much alive with signs 
of friendly warmth and vitality . . . the shopping- 
centre where brilliance and animation will be 
pitched on a more subdued scale, and where style 
and discrimination will be the key-note . . . the 
factory area where well-known trade-marks and 
business house-emblems will be incorporated, in 
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architect-designed facades, in arrangements which 
blend perfectly with the architect’s theme. 

Such is the transformation which is overtaking 
the industry, and as such is welcomed by all 
responsible signmakers, since primarily it is 
based upon the professional acceptance of the 
illuminated sign as an integral part of the urban 
scene by night, and marks the industry’s escape 
from the old morass of prejudice and criticism 
which, to paraphrase the words of an eminent 
architect, seemed bent solely upon the discourage- 
ment of bad design without a word of encourage- 
ment. for the good. To this new situation the 
signmaker brings, not only a complete wunder- 
standing of his own craft, but, in addition, a very 
real feeling and sympathy for those architectural 
and aesthetic considerations which are the special 
concern of the architect and town planning 
authorities. 


(2) Milestones on the Way 
(2.1) Colour 
Although the phenomena associated with the 
gaseous discharge were recognised and investigated 
long before practical high voltage sources of 
electrical energy had been devised, the story of the 
neon sign begins in 1910. In that year, M. 


Georges Claude produced the very first neon 


tubes to be shown publicly. They were used on 
the ceiling of the Grand Palais in Paris on the 
occasion of the Motor Show. They were straight 
sections of 3 to 6 metres long, 30 mm. diameter 
and run at a current of one ampere. In the same 
year, the first association with outdoor advertising 
was a similar tube with which M. Claude under- 
lined, in the familiar orange-red colour, the 
inscription ‘‘ Porto Sandeman’”’ on a shop at 
No. 5 Rue Royale, next door to the cele>rated 
Parisian restaurant ‘‘ Maxim’s.”” A short step 
from that led to the bending of tubing into 
script work, and in 1912 a copy-signature reading 
“ Caravaglio’s ’’ was erected above a hair-dresser’s 
shop in Rue de la Paix. Prior to that date, 
commercial attempts to exploit the high-voltage 
discharge tube in advertising had foundered on 
the propensity of nitrogen or carbon-dioxide 
filled tubes to “‘ gas clean-up,’’ thus necessitating 
some form of gas replenishing device. 

Claude’s commercial activities in the manu- 
facture of liquid air provided him with a plentiful 
supply of the rare gas, neon, one of the inert group 
isolated by Ramsay at the end of the last century. 
The gas argon was similarly exploited to produce 
a pale lilac-coloured tube of low luminous efficiency, 
which changed to a rich blue light of improved 
efficiency on the admixture of mercury. By 
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enclosing this blue light in an envelope of yellow 
glass, a greenish light could be obtained, variations 
in the tint of the yellow producing a limited range 
of greens. 

To a certain extent, the use of helium in the 
discharge extended the colour-range into the 
white and off-white zones, and again, used in 
conjunction with yellow glass provided a golden 
hue. This helium range, however, suffered from 
the inherent disadvantage of requiring a higher 
electrical potential for operating. It was conse- 
quently more expensive in transformer require 
ments, and had a very much shorter working 
life. 

Such was the limited palette available to sign- 
makers, and it remained substantially so until 
1933. In that year, the colour position 
sensationally transformed when a signmaker, in 
the pursuit of his own craft, introduced fluorescence 
in his sign tubes. These early efforts employed, 
in the main, the relatively inefficient and unstable 
sulphide phosphors in argon-mercury, which 
nevertheless opened to the signmaker a whole new 
range of pastel shades. From this point the search 
for new and improved phosphors has continued 
almost without halt. The first researches yielded 
the silicates and tungstates with their greatly 
improved stability and efficiency. Soon after- 
wards came the notable discovery by H. G. 
Jenkins that some of these new phosphors were 
excited by the neon discharge and transformed 
the familiar but somewhat hard orange/red to 
fine soft shades of amber, pink and magenta. 
Later was to come the outstanding contribution 
of Randall and McKeag with the zinc beryllium 
silicate, producing the first basis in this country 
for a white light in a single tube, leading in turn 
to the notable discovery by McKeag and Ranby of 
that range of phosphors of alkaline earth halo- 
phosphate composition, which enabled a range of 
white colours to be obtained from a single phosphor 
with improved efficiency and maintenance. 

Many papers have been presented to the Society, 
explaining in detail the importance and impact of 
these discoveries in the lighting field, bnt it is 
worthy at least to record here that the first steps 
along this road were taken by the signmaker. It 
can be seen that his early fluorescent sign tubes 
may be regarded as the true progenitors of the now 
universally known mains-voltage and high-voltage 
fluorescent lamp. 

The range of colours available now to the 
signmaker is entirely adequate for all reasonable 
demands, and only reasons which are financial 
rather than technical prevent the spanning of the 
entire visible spectrum in as many steps as there 


was 
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Fig. 1. 





are British Standard Colours. A typical working 
range of colours would be as follows : 


Uncoated Tubing 
Red 
Ruby Red 
Blue 
Green 


Coated Tubing 
Sign-White Apricot 
Dark Blue Rose 
Light Blue Amber 
Ice Blue Flame 
Dark Green Magenta 
Light Green 
Jasmine Yellow 


(2.2) Control gear 

The major technical step in this field was the 
introduction of the stray-field transformer, 
designed and patented by the Georges Claude 
previously mentioned. This device replaced all 
earlier conventional methods of controlling high 
voltage discharge tubes, which involved the use of 
resistances and chokes in various circuit forms. 
The protection of these earlier devices in outdoor 
signs from the effects of the weather was cumber- 
some and costly, and the stray-field transformer 
provided in one piece of apparatus the ideal 
conditions for operating the cold cathode discharge 
tube ; namely, a high voltage to initiate the dis- 
charge, the voltage falling away on load to about 
50 per cent of the starting value for running 
conditions. Figs. 1 and 2 illustrate the operation 
of the stray-field transformer. 

Fig. 1 shows the flux distribution in a typical 
transformer on open circuit. It will be seen that 
practically the whole of the flux generated by the 
primary windings follows the centre limb of the 
core, and only a small proportion by-passes the 
secondary windings via the shunts or leakage 
paths. The secondary voltage, therefore, will be 
almost completely determined by the ratio of 
primary and secondary turns. 

Fig. 2 shows the re-distribution of the flux when 
the transformer is on load. Some 40 to 50 per cent 
of the primary-generated flux returns to the 
primary limb by means of the shorter leakage-path 


Vol. 24 No. 2 1959 


NEON SIGNS 


ie 


DESIGN AND MANUFACTURE 


B 
5 


OF 





ws 


~~. 





fag 























QInts 






































<t 





Fe 


route, leaving only 50 to 60 per cent of the flux 
to encompass the secondary coil. In consequence 
the secondary voltage, on load, falls instan- 
taneously to about 50 per cent of the open-circuit 
value. 


— 


Fig. 2 





Stray-field transformer, loaded 


(2.3) The cold weather problem 

Another important milestone was the solution 
in 1953 of a problem which had until then proved 
intractable, i.e., the progressive darkening of the 
ends of fluorescent tubes exposed to cold weather 
conditions. In such conditions, a fairly steep 
temperature gradient exists between the ends and 
the middle of the tube, which causes the mercury 
vapour to distil away from the warm electrode 
areas to condense on the relatively cold walls in 
the centre of the tube. Laboratory reproduction 
of these conditions showed that after several 
hours of exposure practically the whole of the 
mercury charge deposited itself along a foot or 
so at the centre of the tube, leaving the ends 
denuded of the U.V. emanation required for 
excitation of the phosphor. In the field, these 
distressing symptoms created havoc in winter- 
time with even the best installation, reducing it 
to a forlorn spectacle of half-illuminated tubes, 
which distressed the signmaker as much as it 
offended the critical public. 

A simple but highly effective solution lay in 
a special electrode designed by Higgins and 
Prior, in which a mica-disc barrier is fused to the 
walls of the electrode-case, behind the electrode 
shell. This disc forms a trap which holds a liquid 
mercury charge at the ends of the tube, in a 
relatively cool reservoir, while small perforations 
in the mica, fitted with tube-eyelets, permit the 
free flow of mercury vapour into the body of the 
tube. The device slows down the progressive 
cold weather migration of the mercury to such an 
extent that the onset of the end-darkening symp- 
toms is delayed until long after the normal useful 
life of the tube has expired. 
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Fig. 3 (left). 


Laboratory test of high voltage fluorescent tubes in cold weather conditions 






































The 


severe end 


dulling in the centre unit is most marked. To the right is an identical unit with tubes fitted with the mica 


veservoty electrodes and exposed to the same conditions. 


and reservoir electrodes. 


(2.4) Acrylic plastics 
Although the industry is and will remain pri- 
marily concerned with the display of the visible 


discharge-tube, no historical survey would be 
complete without reference to the use of acrylic 
plastics as diffusing media, and their influence on 


sign design. These attractive materials have 
increased the scope of the designer in three ways. 

In terms of colour, the wide variety of opaque, 
transparent and translucent shades, used in con- 
junction with the whole range of fluorescent 
sign-colours provides an almost endless repertoire. 
In terms of letter-design, the designer can now 
faithfully reproduce and fully illuminate the 
typographer’s complete library of letter-forms, 
as well as accommodating the special requirements 
of artists and architects in the way of characteristic 
scripts, house-emblems, trade-marks and other 
motifs to be reproduced and illuminated in full- 
colour and full-face. In terms of form, the thermo- 
plastic properties of the material permit of its being 
moulded into attractive reliefs, so suitable for 
self-contained identification signs. 

The permanence of its colouring and the ease 
with which it can be cleaned and maintained 
have also contributed to the growing popularity 
of the material. It is at its most useful in the 
field of fascia-level identification, viewed normaliy 
from no greater distance than across a street, 
where the high brilliance of the naked tube is not 
vital. The loss of light in transmission through 
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Fig. 4 (right). Sectional views of the conventional 


acrylic plastics confines their use in general to this 
field, as such signs do not compete with the visible 
tube in the large-scale advertising field 

The material 
advantages. 


has, however, two inherent dis- 
Firstly, it is a material which will 
support combustion, and conditions for its safe use 
are clearly set out in the relevant British Standard 
559 : 1955. Clearances between acrylics and H.T 
conductors and tubes are rigidly specified, and thus 
it follows that there is a minimum size and cross- 
section of letters which will accommodate the 
conventional-sized cold cathode electrodes and 
cable-end insulators in safety. It is a matter 
for considerable regret that some sign users, in 
their insistence on a particularly small or thin 
illuminated letter, will turn from a_ reputable 
signmaker who refuses so to debase his standards, 
and will permit such a sign to be made and 
installed by a scrupulous manufacturer, 
setting at nought the very vehicle devised for the 
improvement of standards which they have so 
long sought. 

Secondly, the material is subject to chemical 
attack by the spirits and solvents normally found 
in most industrial paints, so that painted designs 
on acrylic plastics represent a fairly strong life 
risk. The problem currently exercises several 
leading paint manufacturers, but for the moment 
no completely satisfactory medium is available 
which can be guaranteed to provide a three- or 
four-year trouble-free life. Fortunately, the very 


less 
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wide range of transparent and translucent colours 
available in the material offers the designer a 
way round this problem. Instead of painting a 
legend on an acrylic panel, the designer can call 
for letters and characters to be cut out of trans- 
lucent or opaque acrylic sheet of contrasting 
colour, and bonded to the parent panel with a 
liquid cement, which, on setting, has a tensile 
strength as great as that of the matrix. The 
thickness of the material allows the cutting of 
attractive bevels, which may then be gilded. The 
letters and characters may be pressure-moulded 
into a convex section, which adds to their lustre 
and day-time appearance. Even purely pictorial 
motifs can be rendered in this “‘ applied ’’ work, 
provided the designer is allowed some licence to 
complicated shading and detail, 


stylise and 


although the technique must necessarily be more 


Fig. 5. A factory identifi- 
calhon sign on a sodium 
flood-lit facade. The pro- 
portions of the yellow letter- 
ing and the position of the 
monograms make a balanced 
composition. Wiring and 
transformers ave concealed 


Fig. 6. A showroom iden- 
tification sign. The sturdy 
slab-seriffed letters sit well 
in silhouette 
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MANUFACTURE OF NEON SIGNS 
expensive than any painted or screened finish, it 
removes completely the quite real risk of the 
legend or design fading, in some cases almost to 
disappearance, under the attack of sunlight. 


(3) Designing a Neon Sign 

(3.1) The task 

The designing of an illuminated sign installation 
is the preparation of a complete pictorial, me- 
chanical and electrical specification for a project 
which may range in size from a small shop- 
window sign consuming a few watts, to a sign 
200 yards long, weighing 20 tons, and taking a 
load of 30 kVA. To discuss adequately the many 
considerations to be taken into account is clearly 
beyond the scope of this paper, but we might 
start by attempting to define the characteristics 
of any good neon sign. 
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The customer would say—"‘ a sign which costs 
no more than I am prepared to lay out, but which 
will nevertheless fully discharge my commercial 
intention, by advertising my product in a bright 
and forceful medium or by identifying my premises 
in a design which is as unique to my enterprise 
as the letter-head of my own business notepaper.”’ 

The architect’s view is likely to be—‘‘a sign 
which can be seen to have been designed as an 
integral part of my building design and not stuck 
on as a belated afterthought. In line and form it 
must show some feeling for the architectural 
theme of my design, and in colour and brightness 
reflect something of the character of the site and 
the locality.” 

The typographer’s opinion might be—‘‘ a neon 
sign is only a vehicle for the display of letter-forms 
to be read. A good sign, therefore, is one in which 
a good letter design, preferably of traditional 
form and exactly appropriate to the enterprise it 
advertises or identifies, is displayed to advantage 
in good optical spacing ; in which the letter-forms 
lose nothing in the illumination through such 
faults as over-brightness, halation, illegibility or 
by a conflict between the illuminated letter-tube 
and the letter background.”’ 

The artist says—‘‘ I am concerned only with 
the outward appearance pf the sign and not with 
its function or its archifectural suitability. The 
good sign is one which has an overall appearance 
of some artistic merit, simplicity and aesthetic 
appeal, and which offers a pleasing play of colour 
and light.” 

The town and country planning authorities 
insist that a good sign is one ‘‘ which we can agree 
does not conflict with the interests of public safety 
and of amenity, in the light of the general charac- 
teristics of the locality, including the presence of 
any feature of historic, architectural, cultural or 
similar interest.”’ 

The surveyors and erectors require ‘‘ a sign which 
poses no problems in installation ; which is not 
too large to be carried by a crumbling facade ; 
or if it is, provides us with simple arrangements 
for fixing to the structural steel work or timber 
work of the building ; which preferably houses its 
own transformers and cabling; and in which 
provision has been made for easy access for after- 
sales cleaning and repairs.” 

The engineers have it that ‘ a good sign is one 
which conforms in all respects to the precepts 
set out in the relevant British Standards and is in 
accord with I.E.E. Regulations, in which the 
components, mechanical and electrical, visible and 
hidden, will maintain their function and appearance 
indefinitely.” 
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On its own, each one of the foregoing views is 
valid and worthy ; let the critics therefore reflect 
on the signmaker’s position, who perforce can but 
set as his own standard of a good design “ that 
which accords to each of these factors the tullest 
measure of consideration, and as far as can be 
devised, satisfies all of them.”’ 


(3.2) The function 

The first steps in design will generally be 
guided by an appraisal of the commercial purpose 
of the sign. In this regard, an installation is 
normally required to discharge one or more of 
three distinct functions, for which the designing 
is motivated by three quite differing philosophies. 
Of these functions, although numerically 
the greatest, the most spectacular is the adver- 
tising function, where aesthetic considerations 
are less important than spectacle and impact. 
Two main considerations affect design 
Firstly, the attention of the disinterested passer-by 
must be arrested by some kind of visual shock, 
and his interest and curiosity so stimulated as to 
retain his concentration. Secondly, while the 
viewer's attention is so engaged, the advertising 
matter is placed before him in the form of a 
familiar slogan or trade-mark, with the highest 
possible visual impact. The designer 
almost at once thinking in general terms of a 
broad splash of colour, light and movement, 
the flashing circuit, the colour-change, 
current operation for the advertising matter, and 
the whole armoury of devices designed for the 
forceful presentation of the advertiser’s message, 
usually in strong competition from neighbouring 
installations whose purposes are identical. 

The second field of application is that of 
identification, into which falls by far the greatest 
number of illuminated signs, chiefly at shop-fascia 
level. Here, a completely different philosophy 
prevails. Impact and shock give way to taste 
and discrimination, even elegance. It is in the 
design side of this field that the most striking 
advances have been made in recent years, and the 
rudimentary sign of bare tubing on wooden letters 
has evolved to the complete illuminated fascia, 
the design of which is ideally a meeting-place 
for the architect, the artist, the signmaker, the 
lighting engineer and the shop-fitter. Indeed, if 
these parties can meet in consultation before the 
fascia is built in, there is no reason why the most 
fastidiously lettered fascia cannot be fully executed 
in illuminated terms, and lose nothing of its day- 
time elegance in the adaptation. 

The third functional classification is that of 
directional signs. These are the small box and 


not 


will 


here is 


high 
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Figs. 7 and 8. Examples of 
successful liaison between 
industrial designers and sign 
engineers which set a high 
standard in sign design and 
efficiency. The lighting unit 
ts 20 ft. of 20 mm. diameter 
tubing bent in a fan shape 
for the Shell and a square 
spiral for the BP. Although 
the maximum depth through 
the boxes is 8 in. they house 
theiy own transformers and 
capacitors without casting 
shadows on the sign faces 


panel signs used simply for guiding the public at 


night. Although they form only a relatively small 
part of the signmaker’s work, there is growing 
evidence in recent years of a realisation among 
architects and industrial designers that these 
small signs, properly designed and mounted, can 
be quite as functional yet unobtrusive as a well- 
designed street lighting standard and lantern. 
Normally, the designer’s first thoughts will be in 
terms of a simple, self-contained installation, 
housing its own transformers and bearing a brief, 
informative legend ,... PETROL . .. TOBACCONIST .. . 
CHEMIST of high legibility at a fairly long 
viewing range. 


(3.3) Atmosphere and architecture 

With the purpose and classification of the project 
determined, the designer will next be influenced 
by the background character of the immediate 
surroundings and any dominant architectural 
theme in the actual building where his sign is to 
be mounted. The designer will try to achieve 
a sense of fitness, relating his proposal to the tone 
of the locality. A design, for example, which 
might be exactly right for the entrance to an 
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amusement arcade, would be an outrage in 
Princes Street, Edinburgh. Any good design 
taken from the centre of London’s theatreland, 
would be offensive if located next door to a church. 
Unobtrusiveness seems hardly a suitable word to 
use in connection with neon signs, but this is 
exactly the aim; to design a sign which fits 
precisely into the background of the site. Even 
in the bright glare of Piccadilly Circus, the sign 
must look as if it ought to be there. The use of a 
satisfactory diffusing medium, such as one of the 
acrylics, has considerably increased the designer’s 
scope in this matter, and the sobriety of the 
darker shades of translucent plastic has encouraged 
architects to take the neon sign into the most 
dignified and respectable business precincts of 
our cities. 

Until fairly recent times, the signmaker was 
considered to have discharged his obligations, if, 
by dint of persuasion, he managed to arrange for a 
suitable hiding-place for his transformers and an 
unobtrusive channel for his cable-runs, before 
the building opened for business. On occasions, 
he was permitted to outline the contour of a 
building in coloured tubing, or even to dramatise 
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Fig. 9. A discreet theme. 
characters lose nothing in the illumination. 


the odd cornice here and there. A more generous 
and sensible spirit is abroad today. 

Modern architecture draws more and more on 
the dramatic effects of lighting generally. Indeed, 
some of our modern buildings, like the Festival 
Hall, are to some more familiar in their illuminated 
night-time appearance than in the light of day. 
The modern office-block, composed apparently of 
large and airy internal volumes of light bounded 
by translucent planes, speaks of the intimacy 
of liaisom® between the lighting engineer and the 
architect. To crown such a work with a name- 
sign which has not been designed at the same 
time. is sheer folly. The signmaker makes no 
clainig to architectural knowledge, nor yet is he a 
lighting engineer per se, but he is at least capable 
of understanding and discussing a theme expressed 
in either or both of these media, and in his own 
idiom to design a composition in sympathy with it. 


Only the signmaker knows fully the practical 
limitations of the materials to be employed, and 
of the craftsmen who will shape them. 

The architectural and lighting theme of the 
building will influence the designer’s choice of 


letter-style, spacing and materials. By using 
parapets, fascia voids and even ceiling cavities, 


The dignified Trajan style lettering is very suitable in this application and the 
The wiring and electrodes are channel underline 


chased and re-filled channels in the brick-work, 
he will seek to present his sign denuded of trans 
formers, visible cable-runs, and offending support 
ing steelwork. 


(3.4) Lettering 


In the presentation of letter-work in 
medium, two considerations are varamount 
These are legibility and suitability. The illu 
minated sign is no exception, but in addition, the 
signmaker must sometimes concern himself with 
long-range visibility. 
the interrelation of size, shape and spacing of the 
letters, the distance at which the sign is to be 
effective, and the brightness and colour of the 
issuing light, together with atmospheric 
tions and the sensitivity of the normal human eye 
These considerations are capable of endless perm 1 
tation, in some cases conflict one with the other 
and could not be adequately treated in this paper, 
The designer deals with the individual needs of 
each installation, following 
practical principles. 

Dealing first with long-range visibility and 
relating it to colour, the designer will be aware 
of the considerable scattering and absorption 


any 


These three factors involve 


condi 


some recognised 


Fig. 10. The name-sign 
has been completely inte 
grated in this architect's 
design and the night vieu 
reflects the airy character of 
the general lighting theme 
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effect which a slight mist has upon blue light, 
and that the green colour which is used in sign 
work is quite heavily charged with a blue com- 
ponent and suffers correspondingly at long range. 
For maximum penetration at great distances, 
therefore, the designer would suggest red tubes. 
Our smoky industrial atmosphere makes it 
difficult to relate size and visibility, but a reason- 
able working basis might be a 9-foot red letter 
at a distance of one mile, other distances and 
sizes in proportion, with a 25 per cent reduction 
at long range for green, and 35 per cent for blue. 
The designer can improve on these bases in extreme 
conditions by building up the stroke-width of his 
letters in multiple lines of tubing, and still further 
by containing his tubing in open troughs of 
channel section. 

The B.O.A.C. hangar signs at London Airport 
provide an example of the foregoing treatment. 
It was required by specification that these signs 
be executed in the Corporation’s blue colour and 
that they should be visible and legible from the 
Terminal Restaurant, some 1,600 yards distant. 
This requirement was completely achieved by a 
set of letters 18 ft. in height, constructed in an 
open trough metal section containing a double 
outline of 20 mm. blue tubing, arranged as a 
multiple line of three tubes at 3-in. centres. 


Turning now to legibility, as distinct from 
visibility, and relating it to colour, for a given 


input of electrical energy, the designer will 
obtain his maximum light output in green. In 
addition, it is in this green band that the human 
eye is most sensitive. In consequence, all else 
being equal, the green sign will be the most 
legible. Further, the human eye is apparently 
unable to focus outlines if the issuing light is of 
certain frequencies. It has been known among 
signmakers for many years that a particular 
shade of deep blue, for example, is particularly 
difficult for the human eye, and that tubing of 
this shade is consequently to be avoided. The 
author recently had the misfortune to re-create 
this old trap in modern guise, by using a mixture 
of two colours of acrylic plastic and a quite 
innocuous tube colour, to arrive at precisely the 
same result; a fairly large and important sign 
which was completely illegible at 30 yards range 
or nearer. 

The relation between spacing and legibility raises 
several points. In the first place, at a range of, 
say, 1,500 ft., the human eye is probably incapable 
of discerning horizontal distances whick subtend 
an angle of less than 1 minute. To the sign 
designer this means that, at that distance, two 
adjacent upright strokes of his letters will not be 
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resolved separately by the eye, if they are less than 
5 or 6 inches apart. To allow for the effects of 
halation, this separation might be trebled. Thus, 
the minimum spacing at that range should be 
18 in. or more between the letters of an illuminated 
sign. At closer ranges the principle of optical 
spacing arises. Even in unilluminated lettering, 
a designer will lay out his letters in uneven spacing, 
allowing for the differing aspects of thick and 
thin letters, and curved ones. By this means, 
the result will appear to be evenly spaced. 

With regard to the relation between legibility 
and letter shape, the ratio of letter-width to 
letter-height is an important factor. Probably 
a letter which has a height-width ratio of four to 
three presents the most legible form. In this 
connection, however, the designer can hardly do 
better than to work to the traditional standards 
of the printer's library, where the most legible out 
lines have been shaped over centuries of practice 
This general rule gives way in the case of well- 
known signature trade-marks name-signs, 
where a spidery scrawl or an unorthodox ‘‘ modern- 
istic "’ letter type is so well known in other adver- 
tising media that its familiarity makes it easily 
read even if the illumination is less than perfect. 

Legibility and tube brightness are, of course, 
very closely related. The signmaker has arrived 
at his standards largely by empirical and subjec- 
tive means. He knows that the prominence of 
his sign increases with the brilliance of his tubes, 
but also that beyond a certain level of brilliance 
the clarity and legibility of his lettering diminishes 
due to halation. Some part of this halation 
may be due to the reflection of light from the 
background against which his tubes are mounted, 
and the designer can normally resort to some 
well-tried palliatives, such as will be described 
later in connection with the aspect of neon signs 
in the oblique view. The difficulty, already 
mentioned, which the human eye experiences in 
focusing details in the deep blues and reds is 
aggravated by blurring due to halation. The 
adaptation of the eye to a low level of street 
illumination would also tend to worsen the effects 
of halation in an over-bright sign placed in such 
a locality. Even in acrylic-faced box signs, it 
is quite possible for a coloured legend to be quite 
illegible against the white background on which 
it is mounted. A common error in design is to 
succumb to the temptation of building up the 
internal illumination of a white box or fascia 
sign to command the attention of the passer-by, 
only to find that the brilliance of the white back- 
ground irradiates the eye to such an extent that 
the coloured legend mounted on the sign appears 


and 
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only as an indistinct blur. In other words, 
although the sign attracts attention, the message 
it carries is lost, and its prime function is not 
achieved. 

Legibility further raises the question of the 
appearance of tubes and letters in the oblique 
view. This applies most particularly in the 
fascia sign, where approaching pedestrians have a 
foreshortened aspect of the sign. The designer 
overcomes this by recessing his tubes in the face 
of his letters, or building his letters of a stepped 
section, or by specifying contrasting colours for 
the letter faces and returns. Similarly, the 
difficulty can be met by the use of an inverted 
trough letter section projecting slightly from the 
wall, with the tubes mounted in the rear so as to 
throw their light on the fascia, against which the 
letters stand out in sharp silhouette, a discreet and 
pleasing effect. The use of an open trough section 
with the edges outwards, and the tubes slightly 
below the level of the metal edge, will also prevent 
the blurring of a legend in the oblique view. 

The second major consideration which will 
exercise the designer in respect of lettering, is the 
suitability of his choice of letter-type to the 
application in hand. The engineering works, the 
banking house, the fashion salon and the inn, 
the expensive hotel and the theatre entrance, all 
clearly call for a letter-style of their own. Here 
again, the designer cannot improve upon the 
infinite variety offered by the traditional typo- 
grapher’s library. The range there is large enough 
for the selection of a good letter-type which will 
be appropriate to the enterprise for which he is 
designing. Designers in the past have tended 
to play safe in this matter of the appropriateness 
of letter-types, and to fall back on the completely 
safe sans-serif (block capital) for every application. 
There is scope in the printer's library for a more 
adventurous approach, and although the final 
selection might not please everyone, it might be 
better to offend some people than to interest 
none. 


(3.5) Transformers, electrodes and wiring 

The designer has by now progressed to the stage 
where the important details of sign design will 
command his attention. 

His concern with transformers is simply, how 
best to conceal them. They are not excessively 
large ; approximately 12 in. x 9 in. x 5 in. for 
10,000-volt 35-milliamp transformer, which would 
be large enough to run approximately 14 letter 
sections of 12 in. height in single letter sections. 
Ideally, these components should be located 
inside the building immediately behind the sign, 
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where they will provide the shortest possible 
high-tension cable-run. Excessive length of cable- 
run induces a capacitive effect in the circuit, 
causing the sign to flicker. Failing such a location, 
a suitable alternative might be on the roof behind 
a parapet. As a last resort, they might be 
sited on the face of the building and painted out 
in a colour matching the stone work. 

In letters of 18 in. height or more, it is usually 
possible to accommodate within the letter the 
two electrodes and the two porcelain cable-end 
insulators, presenting the designer with no prob- 
lem. In letters smaller than this, particularly 
where they contain acrylic plastics, it is almost 
impossible to contain these components within 
the letter without contravening the relevant 
British Standard Specification. This is a point 
which sign users would do well to consider seriously. 
Provided that space exists in the fascia behind the 
sign, the difficulty can be met by turning the 
electrodes back through the fascia-panel into 
porcelain pots. Failing this, the designer might 
“underline ” his sign with a metal channel which 
will receive his electrodes and series wiring, the 
underline then becoming a necessary and obvious 
part of the design. 

The rating and quality of cable permitted for 
use on high-tension installations is very rigidly 
specified in B.S. 599; 1955, as is the nature of the 
cable-end insulation, and it is unfortunate that 
some sign users and their professional advisers, 
possibly in ignorance of the existence of such a 
Standard Specification, will go to great lengths 
to conform to many Standards relating to their 
building and its interior lighting, and still fail in 
the matter of their name-signs by permitting the 
admitted difficulty of the small illuminated letter 
to be solved by the use of a “ magflex’”’ type of 
cable with little or no cable-end insulation. The 
British Standard permits, in special circumstances, 
the use of P.V.C. or rubber-insulated unarmoured 
cable for series inter-lamp connections, but it 
further requires that the stripped portion of the 
cable, where connection is made, must be pro- 
tected by a glazed porcelain or glass thimble sealed 
with an ozone-proof compound, the whole 
connection being shrouded in a non-ignitable 
non-hygroscopic insulating material. This 
arrangement offers no economy in space over the 
completely safe lead-covered cable finished with 
a cable-end insulator connected to a bell-glassed 
electrode. This point has been treated at some 
length because it is of fundamental importance 
to the designer when he is involved in small 
illuminated letter-work, and is a constant source 
of irritation to architects and their clients to find 
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Fig. 17 (left). 
fascia tubing give a modiste’s “‘ band-box ”’ effect. 


Stepped-edge letter-work of high legibility. 
Fig. 12 (right). 


DESIGN AND MANUFACTURE OF NEON SIGNS 


The -black and white characters against the rose 
Dark blue letters against a low-level 


intensity white halo and a dramatic and simple cove treatment do not detract from this facade. 


that a reputable signmaker will decline to light 
what appears to be a perfectly good 6-in. letter, 
when no space exists behind the fascia for the 
correct electrode treatment. 


(3.6) The law and permissions 
It is not generally known that every exterior 
illuminated sign, with certain unimportant excep- 


tions, must be the subject of what is, in effect, a 


licence. Application for this licence must be 
made to the local planning authority, and if 
refused, an appeal may be made to the Ministry 
of Housing and Local Government. From the 
Minister’s decision there is no further appeal. 

The Minister’s power in this connection derives 
from Section 31 of the Town and Country Planning 
Act 1947, which requires him to make regulations 
for the control of advertising in the interests of 
amenity and public safety. The Act came into 
force on July 1, 1948, and the Control of Ad- 
vertisement Regulations made thereunder became 
effective on August 1, 1948. 

Having regard to the liberal definition of places, 
buildings and features of cultural, aesthetic, 
architectural or historical interest which are the 
concern of the Regulations, the term “ amenity ” 
is capable of very wide interpretation, and in this 
connection, no set of rules can be laid down for 
the designer. His common sense, good taste and 
past experience can be his only guide. 

Public safety is, of course, more definable, and 
covers such items as the proximity of street traffic 
signals, airport and railway signals, fire risk and 
fireman’s switches, the security of structural 
fixings, the projection of box-signs and canopy 
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signs over the pavement, and the location of signs 
on specially hazardous sites such as garages, petrol 
stations and on such installations as oil storage 
tanks and gasometers. These situations really 
present no problem to the reputable signmaker, 
who pays careful attention to wind stresses, 
structural load-carrying capacity of associated 
steel-work, the use of earth-relay cut-outs to 
isolate the circuit on a leakage to earth, and the 
sealing and housing of electrodes and conductors. 


(4) Making a Neon Sign 

For a brief insight into the manufacture and 
installation of a neon sign, the author has chosen 
as a subject the “‘ Coca-Cola”’ sign in Piccadilly 
Circus, 
(4.1) The design 

Briefly, the project consisted of a square panel 
sign of 2,000 sq. ft., carrying four advertising 
legends, ‘‘ Have a Coke,”’ “‘ Delicious,”’ ‘‘ Refresh- 
ing,” and “ Coca-Cola,” set against a 40-ft. 
diameter circle of ruby red flashing tubes. The 
letter sizes varied from 5 ft. to 10 ft. in height, 
the trade-mark ‘‘ Coca-Cola’’ being an inverted 
trough section faced with a diffusing opal acrylic 
sheet, the other legends being open trough section 
with exposed tubing of jasmine yellow. Fifty 
ornamental stars of pressed stainless steel were 
to be disposed round the central disc, and the 
whole sign was to be framed in a moulding of the 
same material. 


(4.2) The site 
The facade presented a sky-line of two six- 
storey blocks flanking a three-storey building, and 
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the design proposed to span the gap between the 
taller buildings, covering the upper part of the 
central facade. Today, such a sign would 
be carried largely by the central building, tied 
and braced to the flanking gables and the roof- 
members behind. At the time in question 
however, such a proposal would have constituted a 
““ skysign ” in as much as it projected above the 
roof-line of the building carrying it, and although 
the adjoining roofs were several storeys higher, 
the proposal would not be permitted by the local 
authorities. Such was the legislation of the day. 

It was proposed, however, to deal with this 
problem by considering the sign in two halves. 
The lower half would be mounted on the face 
of the small central building, and would not 
project above its roof. The upper half would be 
carried on a heavy girder framework cantilevered 
from the structural steel work of the right-hand 
building, and be mechanically distinct from the 
lower half by a distance of one half of an inch. 

In law, therefore, the design would be two 
separate signs, one a facade sign up to the roof 
on the small building, the other a projecting sign 
on a different building. The fact that together 
they formed the designed square, except for the 
}-in. horizontal gap in the middle, was a happy 
coincidence. This Solomon’s solution found favour 
in the eyes of the local authority and the scheme 


prospered. 


(4.3) Surveying 

It must be appreciated that, in sign manufacture, 
the factory engineers are normally working blind. 
That is to say, they have no first-hand knowledge 
of the architectural details of the facade upon 
which their sign is to be mounted. This informa- 
tion must be gathered on the site and relayed to 
the factory in such close detail that the engineers 
there can work in confidence to normal engineering 
limits, using the eyes of a surveyor on the site. 
The site details required for the Coca-Cola project 
involved quite a team of surveyors, feeding the 
structural and architectural details of a heavily 
corniced and ornate facade into the factory 
drawing-office, where an exact picture of the 
site was built up jigsaw fashion into a small-scale 
drawing of the whole enterprise. 


(4.4) The full-size drawing 

Since a neon sign involves the juxtaposition of 
high-voltage tubes, conductors and metal parts 
to limits of accuracy of 4% in., it is axiomatic 
that every component in the sign be drawn in 
full-scale. Sheet-metal workers, blacksmiths, 
fitters, glass-benders, electricians, painters, car- 
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penters, pattern-makers, acrylic moulders and 
others will all work independently to an identical 
set of drawings, and ultimately the results of their 
work will appear on the assembly-shop fioor to 
be married up. In the case being discussed, a 
complete drawing of the Coca-Cola sign as it 
stands today was carried out in full-scale. 

To facilitate electrical assembly on the factory 
floor, a circuit diagram is prepared. This numbers 
and details the electrical characteristic of every 
transformer circuit, the colour of the tubes on the 
circuit, the primary loading on the transformer, 
the primary current before and after power-factor 
correction, the capacitor required for this correction 
and sundry other electrical details. From the 
same source. the glass-benders receive a detail 
of every tube, its colour, shape, size, gas-filling 
and the required electrode treatment. 


(4.5) The metal work 

In general, the metal work of neon signs is 
carried out in lead coated sheet steel. The coating 
provides an additional resistance to corrosion and 
facilitates the soldering of the shaped sections in 
letter-work. Other metals, however, are used 
from time to time, including aluminium, stainless 
steel, copper, bronze and brass. 

The size of the Coca-Cola panel, 2,000 sq. ft., 
and the awkward nature of the proposed structural 
work to carry the sign, suggested the use of 
aluminium for lightness. The main panel there- 
fore was made of 72 oblongs in jin. thick alu- 
minium with the edges turned back for an inch 
for rigidity. It will be remembered that the sign 
had to have a }-in. horizontal gap in the middle, 
but of course tubes and letters had to lie across 
that gaps in hundreds of positions. The question 
of uneven expansion in both halves of the sign, 
and movement due to wind pressure of the top 
half relative to the bottom, required that no 
component, particularly the glass, be keyed to 
both halves of the panel. Accordingly, all 
components are fixed to one half or the other, and 
cantilevered in a vertical plane across the gap 


(4.6) The glass 

A background 40-ft. diameter disc of tubing lent 
itself to the electrical bending process described 
later in this paper. Ruby coloured tubing, of 
20 mm. diameter, was employed, the glass being 
a soda-potash composition coloured with cadmium 
sulpho-selenide. This filter glass combines with 
the neon discharge to give a characteristic deep 
red light, and the completed disc consumed half 
a mile of drawn tubing. The tubing for the 
trade-mark ‘ Coca-Cola’ was 15 mm. diameter 
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The master flasher referred to in section (4.8) is in four 


elements, three of which handle respectively the legends ‘‘ Have a 


Coke,’ “‘ Delicious’’ and “ Refreshing,” 
brings in the trademark “ Coca-Cola ”’ 
vings on the main disc. 
the STOP-START signals for the subsidiary flashers. 


Fig. 14. The Coca-Cola sign in course of erection. 


soda glass coated with the fluorescent colour 
‘“* Sign White.”’ Here again, as most of the bends 
were of slow radius, a great deal of the bending 
was done by the electrical process. The remaining 
lettering was carried out in 15 mm. diameter glass, 
of soda-potash composition coloured with cadmium 
sulphide and coated with the fluorescent ‘‘ Jasmine 
Yellow’ powder. The combination of the filter 
glass and the yellow fluorescent produces a very 
rich yellow hue. The bending in this case was by 
hand-bending, as is normal in this kind of lettering 
work. 


(4.7) The intensity 

The sign is of the advertising class, and in the 
face of fairly severe neighbouring competition, 
requires more than \usual impact. The tubes 
employed on the lettering are normally run at a 
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the contactor which 
and the outer flashing 
The fourth element of the master provides 


maximum current of 60 milliamps, but it was 
decided that the circumstances warranted an 
increase over normal practice and the tubes are 
equipped with 120-milliamp operating trans- 
formers. 


(4.8) The flashing mechanism 

As a general rule, the flashing of neon signs 
can adequately be handled by cam-operated 
mercury switches. This design, however, proposed 
a very complex flashing pattern in which some 
300 separate switching operations are required 
over a 16-second cycle, after which the display 
repeats. The whole essence of the spectacle is 
the most accurate timing in tenths of a second. 
One part of the cycle, for example, calls for the 
consecutive closing of 24 circuits of 3 amps. 
inductive load in 2 seconds, as every tube in 
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the great disc lights up in a sweeping fan round the 
circle ; i.e. at one-twelfth of a second intervals. 
The slightly sluggish and erratic action of the 
standard mercury switch would have ruined the 
split-second timing of the display. Reduced to 
the most simple terms, it was required that in 
one revolution of a cam-loaded spindle, some 300 
contacts would close, remain closed, open and 
remain open, the complete revolution representing 
one display cycle of 16 seconds. Mechanically, 
therefore, 1,200 operations had to be disposed 
round 360 degrees of spindle circumference. 
Clearly, on a purely mechanical basis, this would 
have involved a spindle of great length, and 
positioning of cams to accuracy of minutes of a 
The solution split the project mechanically 
and electrically, using a subsidiary flasher for each 
sub-sequence of the display, each such flasher 
controlling the operation and timing of its own 
sub-sequence. All the subsidiary flashers are in 
turn electrically connected to a master flasher, 
which dictates the exact moment when each 
subsidiary comes into play, keeps it alive for its 
allocated span, and cuts it out when its cycle has 
been performed. 
The electrical drive on the subsidiary circuits 
is through motors which can be fed either A.C. 
to rotate the armature or D.C. to lock it in a 
selected position. The master flasher dictates 
the moment for the change of supply, and auto- 
matically feeds the incoming A.C. supply direct 
to the motors, or through a rectifier. This 
A.C./D.C. braking system provides the ideal 
answer in a rotating device which instantaneously 
reacts to electrical STOP-START signals. A 
schematic representation of the flashing circuitry 
is shown in Fig. 13. 


(4.9) Assembly 

The finished and painted components were 
brought together and erected on the factory floor 
on a temporary scaffold, every tube mounted in 
its position and every circuit made alive, trans- 
former loadings checked and tube currents set 
to the designed figure. The sign was then ready 
for dismantling, packing, transport to the site, 
and erection. 


(4.10) The switch-room 

The housing of the electrical control gear and 
the flashing mechanism was conveniently dealt 
with by converting an attic room of the small 
central building. This offered a control position 
immediately behind the sign and almost at the 
mid-point of the circle. The main is fed into the 


switchroom to a triple pole and neutral 100-amp. 
switch, thence to the main contactor, and to the 
main switch-board and fuse-board. The supply 
is then carried via the flashing mechanism to the 
various sub-circuits; in all to 120 transformers. 
The actuating coil of the main contactor is in 
series with the time-switch, the fireman’s switch, 
the maintenance lock switch and a photo-electric 
cell. Thus the opening of any one of these 
switches will isolate the whole installation, either 
for inspection and maintenance, or in the case of 
emergency. The total installation on load is 
149 amps. distributed over phases as 71 amps., 
31 amps. and 47 amps. 


(4.11) Erection 

Normally, neon signs are erected from ladders, 
or suspended cradles or from scaffolding, depending 
on the size of the instaliation. In the case of the 
Coca-Cola sign, erection took place over business 
premises which were open all day, and it was 
required that the pavement be kept clear of any 
obstruction. Accordingly, the sign was installed 
from a suspended scaffolding dropped from the 
roofs of the adjacent buildings and the surface 
wiring from suspended bosun’s chairs. The 
structural steelwork to carry the sign was made 
and installed by a building construction company, 
the main cantilever beams being encastred 3 ft. 
box-lattice girders. The total weight of sign and 
steelwork is 16 tons. 


(5) The Manufacture of Discharge Tubes 

for Signs and Displays 

The standing of a signmaker in the industry 
can be measured by the quality of his discharge 
tubes. By their performance, his professional 
reputation stands or falls. It is appropriate, 
therefore, in a paper of this kind that a comment 
on one method of their manufacture be included. 

Sign tubes are normally manufactured from 
10-ft. lengths of lead or soda glass, in diameters 
of 9 mm., 11 mm., 15 mm., 20 mm. and 25 mm. 
For fluorescent colours, the tubes are first scalded 
and air-dried, and arranged vertically such that 
a quantity of a specially prepared suspension of 
the fluorescent powder can be welled up inside by 
compressed air, after which they pass through a 
controlled system of draining and drying, still 
held quite vertical to prevent the formation of 
runs and streaks, 

The suspension is prepared by ball-milling 
carefully weighed quantities of dried phosphor 
in a liquid medium, generally a nitrocellulose 
solution. The viscosity and density of the emul- 
sion, as well as the flow and temperature of the air 
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used to aid the drying of the tubes, are critical. 
They control the coating thickness of the 
fluorescent film, the working limits of which are 
quite limited. If the coating is too thin, the 
stretching of the film at the corners when the tube 
is bent will prevent the full fluorescence from 
developing at these spots, and produce a patchy 
finish. 

Too thick a coating weakens the adhesion of the 
fluorescent film, and it will flake away from the 
walls of the tubes on bending. The optimum 
coating weight varies, depending on the phosphor 
being used, and its particle size. 

After coating and drying, the tubes must be 
baked to decompose and disperse the nitrocellulose. 
This is done by a continuous process, in which the 
tubes, constantly rotating about their axis, are 
carried under a heating radiant, capable of heating 
them to just below softening point in 5 minutes. 
The heating and rotation have the added effect of 
straightening out tubes which are not quite true 
as drawn. The coated tube is then ready for 
bending to the required letter text. 

The bender selects a suitable length of tubing 
and heats it in a long ribbon gas burner for a slow 
bend, or a cannon fire for a sharp one, until the 
glass is soft enough to be shaped, bend by bend. 
With the glass pliable, and a positive air-pressure 
inside maintaining its circular cross-section, the 


bender makes his bend and checks it, still pliable, 
against a full-scale drawing on asbestos, modifying 
his bend where necessary. The skill required for 
this free-hand bending of pliable hot glass will be 
appreciated when it is realised that the bender’s 
work may be assembled into a stencil cut in sheet 
metal, and the clearance between glass and metal 


is *% in., maintained over a bent and formed 
8-ft. length. ; 

If unburnt gas from the burner, or the products 
of combustion, are allowed to enter the tube during 
bending, discoloration is almost certain. Similar 
contamination would arise if a bender blows 
unfiltered air into the tube. A mishandled bend, 
calling for a re-heat, excessively works the glass 
and its coating, and the luminous efficiency of the 
phosphor is impaired at that point. The coating 
may interact chemically with the glass, to such an 
extent as almost to disappear. Certain phosphors, 
notably that associated with green fluoresence, are 
particularly vulnerable in this respect. 

Where a quantity of bends of long radius are 
required, as in a large letter O, or S, or C, a useful 
alternative bending process is electric bending. 
In this, the straight tube is inserted in a close 
spiral coil of asbestos-covered wire, which is heated 
electrically. After a few minutes, the tube is soft 
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enough to be bent like a rope, round a former of 
the required shape. 

The bending of coated tubes is a skilled and 
delicate process, laden with technical pitfalls for 
the untutored or unwary. Some manufacturers 
prefer to avoid this process, and bend their tubes 
in the uncoated condition, and coat afterwards. 
This practice is still much favoured on the Conti- 
nent, where manufacturers apply to the inside 
of the bent tube a thin, tacky layer of phosphoric 
acid, and then tap in the desired weight of dry 
powder. 

Tubes bent and electroded are ready then for 
pumping. Either of two methods is employed. 
The older, and still commonly used, is the bombard 
process. In this, the tubes are joined to a vacuum 
system, evacuated and filled to a pressure of a few 
millimetres of air, or preferably of a mixture of 
inert gases. They are then heated by a discharge 
through them at a current several times their 
rated current. In these conditions, the electrodes 
can be raised to a red heat, and the tubes them- 
selves to a temperature of 200°C or 300°C. This 
heating releases occluded gases, shown by a distinct 
colour change in the discharge. The impurities 
are pumped out, and the process repeated until 
the stability of the discharge colour indicates that 
no further gases are being released, whereupon the 
tube is pumped out to a good vacuum, and the 
final gas filling is admitted ; either an argon-neon 
mixture to which a mercury dose is added, or 
pure neon for tubes of a red characteristic. 

While this method is entirely satisfactory for 
uncoated red or blue tubes, very few phosphors 
will withstand this heat treatment without 
impaired efficiency. For fluorescent tubes, there- 
fore, it is preferable to effect the degassing by 
baking the tubes in an oven, and heating the 
electrodes by eddy current heating. To prevent 
the mercury dose from boiling away during such 
oven pumping, an evacuated and sealed ampoule 
containing the mercury is held.in a small side-arm, 
fitted to the tube and equipped with a device for 
breaking the ampoule. After the tube has been 
baked, filled and sealed off from the pump, the 
ampoule can be broken and the mercury admitted. 
After pumping, the finished tubes are aged to clean 
up any remaining traces of foreign gas, and to 
allow even distribution of mercury vapour along 
their entire length. 

The materials employed in the manufacture of 
tubes are subjected to constant quality control. 
Each new batch of phosphor is tested for colour 
match, its bending characteristics and its luminous 
efficiency. Similarly, all coloured glass is systema- 
tically checked over a special lamp to ensure that 
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exactly the correct colour when 

in signs. Metallurgical analysis 

the iron used for the electrodes, and 

quantities of completed tubes are tested 

for efficiency and maintenance throughout their 
very long lives. 


Discussion 
Mr. Brian Pearce: I would join with the 
President in offering the author my thanks 
and congratulations. | think in particular his 
development of the problem which besets us is an 
extremely clear one. In the industry we have 


taken the view that we require a strange mixture 
of qualifications. Mr. Urquhart's description of 
the problem makes it clear why this is so 

A prejudice against the industry has existed 
in certain circles in the past years. Whether or 
ot 
Mr. 


we have achieved the respectability which 
Urquhart claims | do not know. I hope we 
have, but there remain to my mind three problems 

One is that not all manufacturers aspire to the 
sort of qualities and standards which both Mr 
Urquhart and | feel to be our aim. There are still 
many companies whe do not set themselves the 
standards which we think important, and un- 
fortunately, hHecause our product is one that 
ementially manifests itself to the general public, 
their failures and shortcomings can be very 
damning to the “ legitimate © industry 

Secondly, by virtue of the fact that our products 
last « long time-—cmentially cut im the open 
exposed to all the weathers—-unless regular main 
tenance i carried out by fully skilled engineers 
we are in danger of going back on this reputation 
of reapectatality which we have been building for 
ourselves ower many years, and | think tonight's 
oudionce © an appropriate one before which to 
make that paant 

Thirdly. | woul! refer to the cold weather 
prottem. | am set m agreement with him that 
the development of the cold weather electrode us 
the only of the ultomate solution to the problem 
There are many gimmicks of that kind that have 
been experimented with by different compantes 
There are, however, many who feel that complete 
attention to detail in tube manufacturing tech 
wiques, in the quantity of mercury used, and the 
treatment of the powder are alternative means of 
overcoming this problem, and | would not support 
him in the view that the cold weather electrode 1s 
the only means of overcoming tt 

Pimally, theve is one aspect which | think it is 
proper to mention tomight, and that m the impact 
which town planning i having on our industry 
We have got to produce bright ideas, we are there 


to display brightness, to display the difference 
between one building and another. The last 
thing we want is a row of shops looking all the 
same. There is, however, a danger that in the 
ordinary everyday job the fact that we know that 
such and such a letter, plus such and such a colour 
and such and such a position on a building are 
acceptable to the local authority, virtually makes 
the representative who is dealing with the customer 
steer him in that direction. 

I think there is a great danger that as an industry 
we may become stereotyped and go on producing 
signs that are too much alike. I have heard a 
number of people returning from the Continent 
say that on the Continent they are better in this 
respect. The initial impact of the Continent is 
brighter, and more initiative is displayed. Tech 
nically, however, it may be a different matter 
altogether, and from a design point of view we have 
no one to fear ; but there is this danger to which 
we ought to be alive, and users, interested parties 
and designers should bear it in mind 


Mr. A. G. Penny : My own feeling about British 
signs today is that they are 
elegant, and have some sense of form, but that they 
are dreadfully dull. When you go abroad you see 
signs used with a very 
humour. Why can't we have a more lighthearted 
approach to our respectability ? 
good business 


respectable, even 


considerable sense of 


Humour can be 


Mr. R. 8. Hotmes : Mr. Urquhart referred to the 
possibility of increasing the brightness of a sign to 
conditions in which it became legible i 
would like to ask him whether he feels that this 
must be judged subjectively or whether it is capable 
of an analysis which would give a lighting engineer 


less 


data which he can compare with studies he has done 
on brightness in his own field 


Mr. H. R. Roure 
a few years ago to extend the sign industry into 
the country districts using ultra-violet light on 
the signs. | wonder whether the neon sign, which 
of course is capable of giving ultra-violet, is used 
very much in that way and whether that type of 
advertising has been really successful. The big 
advantage the author mentions about the neon 
sign type of lighting is that there is quite a reserve 
of brightness to take care of any conditions one is 
likely to meet. There is of course the danger of 
people having them too bright and giving glare 
rather than an attractive display 

Secondly, as a user of a car radio, not only do 
I see a sign, but quite often I hear it. I think 


There was a rage in America 
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it is fair to say that the signs I hear are rather old, 
but is there not a specification which enables 
signs to be installed which are virtually trouble-free 
as far as car radio users are concerned ? 


Mr. Joun Reip : I fully agree with the principles 
Mr. Urquhart has expressed in talking about 
lettering, but I think one has to be careful about 
taking type-faces and transposing them into 
another medium. Printing something in ink on 
paper and cutting something out in acrylic plastic 
involves two completely different principles ; for 
example, one of the letters displayed by the 
author was designed by Bodoni in the 18th Cen- 
tury and was designed with a particularly thin 
stroke because it was printed on damp paper 
and the ink spread and gave it a greater thickness. 
Today, using modern inks and paper, we get 
strongly contrasting strokes which the designer 
never intended. If one then attempts to carve 
this modern version in plastic it is not only difficult 
but you are not doing what the designer intended 
in the first place. 

If you think of Regent Street, which was built 
between the wars, the architectural methods of 
decorating the buildings was to empioy sculptors 
to carve figures and mouldings, etc., creating quite 
a rich effect. Now people often say that architects 
ought to employ more sculptors, but you would 


have an awful job using a sculptor on a modern 
curtain-walled building consisting almost entirely 


of glass! One can, however, achieve an effective 
richness by using lettering, and the Sankey 
building shown by the author was a good example 
of the beginnings of the use of lettering as part 
of the architectural scheme, with its richness of 
decoration and its three-dimensional effect. 

You will find that architects will turn more and 
more to the use of lettering and illuminated signs, 
and I only wish that all in the illuminated sign 
business were as erudite as Mr. Urquhart was 
tonight. 


Mr. H. CARPENTER: One problem which Mr. 
Urquhart mentioned is perhaps a legislative 
problem and that is the question of advertising 
signs causing dangerous hazards due to glare 
factor, maybe due to intensity, but more often 
due to directional brightness. 1am all for variety 
of colour and intensity where it can be so applied, 
but although town planning does cover to a certain 
extent the design and positioning of the sign, 
sometimes it does not take true account of its 
correct position in relation to road users and 
apparently the police have no jurisdiction though 
they can appeal to the user of the sign. The public 
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lighting engineer is often criticised because he 
cannot do anything, and perhaps manufacturers 
could help us in this problem. 


Mr. W. A. R. Stove : Mr. Urquhart mentioned 
in the course of his lecture the very old question 
of the visibility of certain colours in fog and the 
preference for red letters as signs. 

He may be interested in some experiments which 
I conducted about 20 years ago when I set up 
on the roof of the laboratory a tungsten filament 
lamp, a mercury lamp, a sodium lamp and a gas 
mantle, each providing exactly 1,000 beam candles. 
I found that ia a particularly dense fog, as I 
walked away from the four sources, they all dis- 
appeared at precisely the same time. 

I am, of course, aware that, at least in theory, 
the transmission of different wavelengths varies 
with the particle size of the fog and that red may 
be preferable, but I would suggest that in practice 
the colour is not of major importance. 


Tue AvuTHOR (in reply): The fact that not all 
manufacturers subscribe to the standards which 
I have set out in my paper, is a state of affairs 
which is not unique to the sign industry. Un- 
fortunately, the difference in the two classes of 
products are not readily apparent to the uninitiated 
during the first few months of a sign’s life, and it is 
comparatively easy to construct an installation 
superficially identical to one which embodies all 
that is best in sign engineering. It is, therefore, 
all the more vital that architects and consulting 
engineers be very conscious of the existence of the 
standards which I have illustrated, and fully 
understand the severe penalties to be paid for 
ignoring them, in terms of the ultimate deteriora- 
tion of a sign and its effect upon their building 
designs. The British Standards on sign construc- 
tion are, unfortunately, not mandatory in law, but 
architects and engineers can go a long way to over- 
come this deficiency by insisting, in their specifica- 
tions, that the tenets of the Standard be observed, 
and that non-compliance with the Standard will 
be considered to be a breach of the specification, 
and be dealt with accordingly. 

Regarding Mr. Pearce’s third point, I am afraid 
that I reject his contention that prevention of the 
cold weather migration of mercury in a cold 
cathode tube is to be found in “‘ complete attention 
to detail in tube manufacturing techniques... . 
and powder treatment.” The implication is, of 
course, that a tube which suffers from the cold 
weather effect has been improperly or inadequately 
processed in some way. Such is not the case. 
Conventional tubes manufactured under the strict- 
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est laboratory conditions will suffer as I have 
described, and the most careful handling of tube, 
powder and pumping technology wil! not alter the 
simple law of physics which the mercury vapour 
follows in the presence of a temperature gradient. 
Further, increasing the mercury dosage in the tube 
brings .in its train such alternative disorders as 
mercury staining and stripping of the fluorescent 
coating during transit. It is significant, I think, 
that the only inventions claimed recently on the 
Continent and in America for dealing with the cold 
weather problem have both followed the principle, 
evolved by Higgins and Prior, of a reservoir in 
the electrode. 

I am interested in Mr. Penny’s comment, upon 
which Mr. Pearce also touched, about “ Conti- 
nental signs being more fun and generally 
brighter.” In Germany and the Low Countries 
particularly, the philosophy in sign manufacture 
seems to be .. . ‘a short life and a merry one.” 
They are much given to the practice of running 
the tubes at currents two to three times larger 
than we do for a given tube diameter, with, of 
course, a devastating effect on the lives of their 
tubes. The marketing arrangements for neon 
signs in these countries may also have a bearing 
upon this practice. In the main, the letter-tubes 


for neon signs are made by the large lamp manu- 
facturing organisations, whilst the rest of the sign, 


metal work, structural work, cabling, etc., is 
handled by some other agent, or sub-contractor. 
The tube manufacturer, therefore, does not have 
the same interest in the longevity of his tubes as 
does his counter-part in this country, who has 
usually undertaken a maintenance contract which 
virtually under-writes the performance and life 
of his tubes. I found the German approach to 
animation in signs considerably more adven- 
turous than ours, which adds to the interest in 
their signs. In addition, they are less inhibited 
by statutory regulations which allows them, for 
example, to erect “sky signs” on the roof line 
of their streets. Finally, I wonder if Messrs. 
Penny's and Pearce’s judgment was not a little 
influenced by the attractive indigenous Germanic 
script, which has an appeal of its own to the 
Britisher who has been brought up on a diet of 
block capitals. In general though, I am at one 
with Mr. Penny's plea that advertising signs 
“should be fun.’ In Piccadilly Circus at night, 
for example, there is always a little of the carnival 
spirit abroad, and I take the view that the ad- 
vertising signs should reflect some of this and be 
fun to look at. 

The whole question of acceptable brightness level 
for neon signs is a complex and highly subjective 


one. Mr. Holmes really asks .. . “Can it be 
reduced to a simple technical formula which would 
have universal validity ?’’' My answer is...‘ No, 
it cannot.’’ When is a sign too bright? One 
might just as well ask : When is a noise too loud ? 
Some of the factors bearing upon the acceptability 
of any sign from the brightness standpoint are, 
the luminous intensity in the direction of the 
observer, the photometric brightness of the source, 
the distribution of the brightness, the rate of 
fall-off of brightness through life, the size of the 
sign, the angle at which the sign is to be viewed, 
the height at which it is mounted, the colour (or 
colours) of the issuing light, the character of the 
signal (fixed or flashing), the existence and effect 
of neighbouring signs and the intensity and 
brightness of surrounding street lighting. The 
extent to which these parameters vary from site 
to site makes it quite impossible to reduce the 
matter to a simple and universal formula, and | 
can give Mr. Holmes no guidance at all as to how 
it might be attempted. 

From the lack of protest following Mr. Ruff's 
suggestion that advertising signs might be dis- 
played to advantage in quiet country districts 
using some kind of ultra-violet light directed on to 
a panel treated with ultra-violet sensitive paints, I 
gather that we have no representative here from 
the Society for the Preservation of Rural England. 
The responsible signmaker would say, I think, 
that the country-side is no place for illuminated 
advertising of any kind, however ingenious. 
However, dealing with the possibility of Mr. Ruff’s 
idea, the simple answer lies in the economics of 
sign maintenance. Luminescent paints have a 
comparatively short working life, and the cost of 
re-painting these signs would be prohibitive. 

Dealing with radio interference caused by neon 
signs, I think the Postmaster-General gives the 
sign industry a very clean bill of health in this 
connection. Among all the offenders in this 
matter, the signmaker is, by far, the least trouble- 
some, being responsible for only 0.96 per cent of 
reported interference at. the last Postmaster- 
General's census. A _ properly balanced and 
designed sign circuit will not cause radio inter- 
ference, provided the sign is properly cleaned and 
maintained. In any case, the insertion of a choke 
or resistance in an offending circuit will cure the 
fault at once. 

I was agreeably surprised at Mr. Reid’s reti- 
cence, representing, as he does, the architect. I 
had expected to hear a great deal more from him. 
I think that, on the whole, Mr. Reid pleads for 
caution in translating letter types which were 
designed for printing, into the sign medium. I 
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agree, but remain convinced that signmakers 
have been too cautious in the past, and have clung 
to the safe and unexciting block capital. The 
typographer’s library is a storehouse of beautiful 
letter forms to be exploited by the adventurous 
sign designer. Using them, he can introduce 
richness and variety in his lettering, and achieve 
a design relation between his sign and the enter- 
prise for which he is designing. The example 
mentioned by Mr. Reid, i.e. the Sankey building, 
which wiil be illustrated in the text of my paper, 
is an indication of the worthwhile result of inti- 
mate liaison between architects and the sign 
manufacturer. I stress here the fact that the 
design is the architect’s, and the signmaker has 
interpreted it and given it effect. I am not 
qualified to comment on the relative merits of 
pre-war Regent Street architecture and its modern 
counterpart. I certainly agree that the latter 
lacks the richness contributed in the past by the 
sculptor and stonemason, and that the sign- 
maker may have a growing part to play here in 
giving interest and distinction to an otherwise 
bare and unexciting modern elevation. 

When Mr. Carpenter mentions dangerous hazards 
caused by sign glare, I assume that he means 
danger to road users, and in chief, to motorists. 


AND MANUFACTURE OF NEON SIGNS : DISCUSSION 


Now the probable visual disturbance likely to be 
created by a neon sign is a point which is normally 
considered before the granting of the permission 
or licence, which the signmaker must obtain 
before he can erect a neon sign. In theory, at 
least, no sign should constitute such a hazard. 
It might interest Mr. Carpenter to know, in this 
connection, that the Automobile Association, who 
should know, have stated that signs, particularly 
those identifying premises in the dark, actually 
contribute to road safety, rather than the reverse. 
The motorist who has had to prowl round darkened 
city streets searching for some shop or office, 
which has no illuminated name-sign, will appre- 
ciate the point. I wonder what the comparative 
accident statistics are for a well-signed district, 
like the West End of London, and, say, long 
stretches of monotonous trunk roads, where drivers 
have no interest alongside to relieve the mono- 
tony. As a car driver, I find the latter consider- 
ably more inducive to dangerous driving. 

Referring to long range visibility and penetration 
through the mist, I note that, among all the light 
sources employed by Mr. Stoyle in his experiment 
the very one which he did not use was a plain high 
voltage neon tube. I suggest that he repeats the 
experiment and rectifies the omission. 





LE.S. Gold Medal 


To mark the occasion of the Society’s Golden Jubilee, Council has decided to institute an award, 


to be known as the I.E.S. Gold Medal. 


The following regulations will govern the award :— 


(1) The Medal shall be bestowed for outstanding contributions to the 


advancement of lighting. 


(2) The Medal shall be awarded at intervals of not less than two years. 


(3) Recipients of the Medal may be persons of any nationality and 
may or may not be members of The Illuminating Engineering 


Society. 


(4) Nominations for the award may be made by any member of the 
Society in writing and in confidence to the Honorary Secretary. 
Nominations shall be considered by a Panel appointed by the 
Council and the Panel’s recommendations shall be submitted to the 


Council by the President. 


Council would like to make the first award during this year and nominations may be submitted by 


members to the Honorary Secretary by July 1. 
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Lighting Design—The Next Step 


Discussion 


The Interim Report of the Lighting Design Data Panel of the I.E.S. Technical Com- 


mittee was published in Transactions Vol. 23, No. 2, 1958. 


At a meeting of the Society 


held in London on December 9, 1958, Mr. W. Robinson, Chairman of the L.D.D. Panel, 
gave a verbal summary of the Interim Report which was then discussed ; answers to 
points raised in the discussion were given by members of the Panel who, in addition to 
Mr. Robinson, are Mr. A. D. S. Atkinson, Mr. H. E. Bellchambers, Mr. R. R. Ho'mes, 
Mr. W. Imrie-Smith and Mr. J. M. Waldram. The following is a full report of the 


discussion. 


Dr. J. W. T. Watsu : I think we must all feel 
that the Technical Committee which, after all, is 
not very old, has made an extremely good start in 
bringing this new method of calculating utilisation 
factors before the membership of the Society. 
It is not an easy business ; they have clearly put a 
tremendous lot of thought and work into it and I 
think that they have brought it before us in a 
very intelligible way—and that is no mean feat. 
The new method is definitely more complicated 
than the old Harrison and Anderson method to 
which we are all so accustomed. Whether it will 
find general acceptance I certainly am not qualified 
to say ; possibly only time will tell. But whether 
or not it does become the standard method of 
calculating, that in no way affects our indebted- 
ness to the Technical Committee for having brought 
it before us and explained it to us. 

There are one or two points—not exactly 
questions—which I would like to put to the Panel. 
Am I right in thinking that tables like that in 
Appendix I (p. 106) will be provided by the 
Technical Committee ? I take it that that table 
is a basic table depending on the geometry of the 
room, as expressed by the room index, and the 
spacing ratio. 

Then, am I right in thinking that the Technical 
Committee will also provide us with the set of 
tables of which we have only specimens in Appen- 
dix 2 (pp. 108 to 111)? Those are clearly headed 
“specimen tables*’ and in the preamble to 
Appendix 2 it is pointed out that there are 10 
tables in all and I imagine that those again are 
tables which will be made available to all workers 
in the subject. 

Then I imagine that for every luminaire (or, if 
you like, every class of luminaires) the designer 
will have to have a set of tables such as those in 
Appendix 3 and that these will presumably be 
supplied by the manufacturer, either in that form 
or in the form of polar curves if he is lazy and 
wishes to push the job of computation on to the 
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designer. Once this stage has been reached, I 
imagine the designer will combine the information 
in the tables applicable to a particular luminaire 
with the figures in the specimen tables and from 
that combination he will deduce the utilisation 
factors for a given luminaire used in rooms of 
tabulated room ratios, wall reflection factors and 
soon. He will, in fact, produce his own tables of 
utilisation factors somewhat analogous to the 
tables used in applying the Harrison and Anderson 
method. 

Incidentally I have referred to wall reflection 
factors and I was very pleased indeed to see that 
the Technical Committee decided to include the 
wall reflection factor of zero, because some years 
ago I found it necessary to extrapolate the Harrison 
and Anderson tables to reflection factor of zero in 
order to deal with problems of localised lighting 
where, of course, there are no walls. 

Now I am going to quarrel a little with the 
Technical Committee, particularly with regard 
to a statement on page 103. They say the data 
are mathematically derived and there is no 
reason to question their accuracy. That probably, 
taken at its face value, is correct, but I feel it is a 
little misleading. The data may be mathema- 
tically derived but they are derived on certain 
assumptions which can only be approximate. 
For instance, in getting from the direct ratio to 
the downward reflected flux, you use curves or 
tables which are based on the Moon and Spencer 
inter-reflection tables. These tables are based, 
I believe, on the assumption of perfect diffusion 
from the reflecting surfaces which, of course, does 
not apply in practice. Your data may be mathe- 
matically derived but you are making assumptions 
all the way along the line and it is important to 
realise that. 

There is one other little point where I want 
to raise a query and that is on the previous page, 
102, where the report says “‘ within the scope of 
their application, i.e. axially symmetrical lumin- 
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aires, they cover all possible luminaire flux 
distributions.’’ Now if you look at the last page 
of all, Appendix 3, you will find tables for 
fluorescent trough reflectors. Is the thuorescent 
trough reflector sufficiently axially symmetrical 
for these tables to apply ? 

Finally, I want to raise the thorny question of 
nomenclature. I realise that the Committee 
have mainly adopted the Jones-Neidhart termino- 
logy but that lands us in serious difficulties. To 
start with you will notice that in the report the 
coefficient of utilisation is derived from a utilisation 
factor and a light output ratio. Unfortunately 
—or fortunately (I personally prefer to think 
fortunately)—the international term for what is 
called in this report “‘ coefficient of utilisation ’’ is 
shown in the English language section as ‘‘ utilisa- 
tion factor—Gt. Britain ; coefficient of utilisation 
—U.S.A.” and if you refer to the British Standard 
glossary you will find, “‘ utilisation factor’ and 
then, underneath, “ coefficient of utilisation 
(deprecated).”” It would not matter so much 
if only one of the two terms appeared but un- 
fortunately the term “ utilisation factor "’ is used 


in a sense different from that definied in the 
Glossary and in the international vocabulary. 
Personally I think there is good reason for the 
British practice and I do not like the American 
practice. 
efficient is something you stick in front of x. 


The figure is not a coefficient; a co- 
It 
is a factor, a ratio of two fluxes, and I think we 
should stick to that nomenclature through thick 
and thin. The French, who are also logical, use 
“‘ facteur ’’ and the Americans are unique in using 
coefficient. 

Some other terms used by Jones and Neidhart 
do, I think, need tidying up and perhaps the 
Technical Committee feels the same. It may be 
regarded as a little pernickety to raise these points, 
but there are considerable advantages to be gained 
by using terms which are as nearly self-explanatory 
as possible. If you read the report carefully you 
will find yourself going back every now and again 
to page 102 where the various terms are defined ; 
then when you get further on you find you have 
forgotten what one or other of the terms means. 

I do hope that the Technical Committee will 
give this serious consideration, trivial as it may 
appear at first sight, because if this method is to 
find general acceptance it is important that it 
should be easy of compreheusion, and compre- 
hension is undoubtedly assisted by logical nomen- 
clature. 

I very much appreciated reading the report and 
look forward to seeing it applied ia certain 
particular cases where the Harrison-Anderson data 
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are certainly rather deficient. 


Mr. W. Ropinson : Regarding the question of 
what we are going to provide, it is expected that 
there will be provided in any report full data to 
operate the zonal method; everything that is 
required in the form of basic data, that is, zonal 
multipliers and all the data tables. Dr. Walsh 
did mention the question of the manufacturer 
giving ceiling ratios. That perhaps may be a 
counsel of perfection, but if the manufacturer 
continues to provide, as he normally does now, 
the polar curve, he is of course providing enough 
information to use the method. On the other 
hand, the manufacturer may continue to provide 
coefficients of utilisation for himself and they will 
certainly be produced by this method rather than 
any other. 

I take Dr. Walsh's point about our unfortunate 
remark—taking for granted the inter-reflection 
data, and I can assure him that this remark will 
not appear in the final report. We do accept the 
fact that there is all the difference in the world 
between mathematical accuracy and practical 
accuracy, and there is thus cause for error. We 
do not think it is a serious cause, but nevertheless 
it should be taken into consideration. 

On the question of non-axial sources, I think 
that the member of the Panel who has been most 
involved is Mr. Bellchambers, and I am sure he 
could say something on that question. 


Mr. H. E. BELLCHAMBERS : We were very con- 
cerned about this particular problem, one in 
which I have been interested for a long time. 
The direct ratios published in the report for 
fluorescent lamp luminaires were calculated from 
polar curves measured in six planes at 30 degrees 
to one another. Intensity values at 10 degrees 
intervals were averaged for the six planes and it 
was then assumed to be a source symmetrical 
about the vertical axis. 

We were not satisfied with this alone, and a 
method developed for the determination of flux 
reaching the working plane in narrow parallel 
strips instead of in circular zones, was also used 
to determine direct ratios. Formulae expressing 
the value of flux from linear sources falling on 
parallel strips, were programmed and fed into an 
electronic computor. This provided data for a 
wide range of room shapes and axial intensity 
distributions which enable the flux reaching the 
working plane to be easily calculated. 

Values of direct ratio obtained using this 
method, were compared with those based upon 
averaged intensity values measured in six planes, 
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and the Jones and Neidhart method. Close 
agreement was obtained in all cases. The com- 
parison was made using actual practical luminaires, 
and direct ratios for a number of room shapes were 
determined. In all the examples taken the dif- 
ference in results was less than 4 per cent. 

Mr. R. R. Holmes has also been interested in 
this, and using the linear source method I have 
checked against an example he has used. Perhaps 
he would like to say something about his particular 
work. 


Mr. R. R. Hotmeés: I used another method of 
calculation, using an integration system, and an 
inverse square law which can be operated for 
flat linear sources quite accurately, and results 
using this method came very close to those referred 
to by Mr. Bellchambers. 


Dr. J. W. StrRanceE : I must confess that I was 
quite panic-stricken about talking on this subject 
partly because I am a member of the Technical 
Committee and although I have grumbled in 
private on some of the points mentioned by Dr. 
Walsh I thought that it will look impolite to do 
so in public. My panic somewhat subsided when 
I found my doubts were shared by Dr. Walsh. 
What he has said about nomenclature coincides 
with my own views. The term “ horizontal 
component’ in Harrison and Anderson is a 
completely baffling term and appears to cover 
anything from the vertical to the horizontal. I 
think radial component might be a better des- 
cription of what is intended. All this is confusing 
to anyone not using the terms regularly because 
you have to start from the textbook and work it 
through before you understand what is happening. 
I feel the Panel's report does not help us towards 
clearer understanding. I am glad to say, as 
Mr. Souter has already mentioned, that the 
Technical Committee has this matter in hand. 
I would like to think before I get too old that I 
have a good grasp of illuminating engineering. 

One point I did make on the Committee was 
that this report and the suggested change from 
Harrison and Anderson to the new data must in 
fact be sold not only to the engineers but to the 
companies who employ them. We cannot go on 
with two methods indefinitely, and we must offer 
some very good advantages for this new system. 

In the report two reasons for the change are 
suggested. One is the possibility of using the 
data for luminance design. I do not feel really 
competent to deal with this because luminance 
design is a matter of artistic appreciation. I am 
doubtful about the possibility of this new data 
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being a great help for this because, as explained 
in the report, the design data are based upon 
axially symmetrical fittings and on a regular 
array of them. When concerned with luminance 
design of walls and ceilings it is fairly unlikely 
that either symmetrical fittings or a uniform array 
will be used. The design will depend more on 
the artistic approach than on the high precision 
aimed at by the Jones-Neidhart method. 

On the other subject of accuracy I feel on 
slightly firmer ground. The report says that 
the main reason is a more logical and precise 
system of finding coefficients of utilisation. That 
is a point which I, mainly as a laboratory “ type,”’ 
find a little difficult to appreciate. I do not know 
what accuracy lighting engineers want and get. 
I have been trying to find out: from various lighting 
engineers how often they measure installations 
when they have done them and it is very seldom. 
It is not due to lack of interest but because it is 
difficult to get to the installation at the right time, 
when measurements can be made. 

What accuracy do illuminating engineers want ? 
They must first decide how to measure. In this 
country there is no recognised method of assessing 
the accuracy of your calculation. Do you take 
readings at even spacings or near the walls, etc. ? 
I do not know of a recognised method of doing it 
and if we are talking of accuracy we should first 
turn our attention to this particular point. It is 
probably easy enough with incandescent fittings 
but with discharge fittings you run into a lot of 
difficulties. In some buildings you have tempera- 
ture and voltage changes with which to contend. 
Even N.P.L. only claim an accuracy of 3 per 
cent on photometry of fluorescent lamps. 

My last point can be illustrated by the workshop 
referred to in Waldram’s paper. In this case he 
chose 18 fittings but he could possibly use 20 or 16. 
It seems to me you have a sort of ‘‘ quantum 
factor ’’ of the order of + 5 per cent or + 10 per 
cent, imposed on the results, so where is the need 
for a fine degree of accuracy? I do not want to 
deride accuracy because if we call ourselves an 
engineering society we must think in terms of 
accuracy, but we must define the order of accuracy 
to which we work. 

The Panel has done us a good deal of service 
if they can turn our attention to this aspect of our 
Society—how we operate, what sort of accuracy 
we claim for our operations. If we can only get 
the lighting engineers to talk, to read papers, and 
occasionally measure their best lighting jobs, 
and give us the results, and, of course, give the 
limits of accuracy of measurement then the 
Society will go forward. I hope some of the 
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lighting engineers will have courage and stand 
up and talk. 


Mr. J. M. WaLpRaM : I am very glad Dr. Strange 
raised the question of accuracy because I have been 
conscious of it for a long time, as long ago as the 
International Meeting in Zurich. I am perfectly 
certain Dr. Strange is right. He emphasised that 
there is no real meaning in quoting accuracy which 
you can never check ; and if you cannot check it, 
what does accuracy mean? When you come to 
look into the practical interiors which we have to 
light—this very room for example—all kinds of 
conditions apply, any of which depart from the 
assumptions basic in the Jones-Neidhart method. 
We must be practical men and realise it. 

In carefully conducte 1 experiments with every- 
thing under control it is possible to calculate mean 
illumination on the working plane and to verify 
by measurement ; and with normal variations of 
lamps, equipment and voltage, but without in- 
volving checking of ceiling reflectances, etc., 
results agree to within about 10 or 15 per cent. 
In maintenance conditions, variations can be 
considerably greater. How many people regularly 
check calculations and what is the answer? I 
think it is a point we endeavoured to bear in mind, 
but it would be fair to say that the Technical 
Panel has not been concerned with the whole 
Rather, 


question of accuracy throughout the job. 
they have been concerned with seeing that one 
particular component of the basic material we 
work with is right in itself and within certain 
defined assumptions. 

There is another point about this accuracy 
business—with what accuracy can we specify 


what we want? If you cannot specify what you 
want accurately, why trouble to have the rest of 
it accurate ? 

On the question of luminance design, I am in 
complete agreement with almost everything Mr. 
Souter has said, but I must take him up on one 
point : luminance design starts with a conception 
which is artistic but when written down it is a 
matter of calculation like everything else. Once 
you have got the artist (or yourself with an artist’s 
tie on) to define the artistic side, you can then go 
away and put an engineer on the job. 

I have some experience now of luminance design 
in real interiors, and find that when doing a 
luminance design you are almost certain to depart 
from regular arrays of similar sources assumed in 
the Jones-Neidhart method. Moreover, you finish 
up with a figure which might tell you the distribu- 
tion characteristics of the fitting you want in 
terms of upward ratio; but when you turn to 
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somebody's catalogue to find a fitting which will 
combine the right number of lamps at the right 
cost you find that the choice is very limited, and 
if you want a particular distribution as well 
there is probably only one fitting to choose from, 
even if you are lucky. 

These criticisms sound very condemnatory, but 
I do not think they are. We are in an interim 
stage at the present time and I think this business 
of coding particulars before lighting an interior is 
not unlike putting down a bit of the Preston By- 
pass ; it is only a part of the way but it is on the 
right lines. Sooner or later all will join up and 
we shall have catalogues of fittings from which 
we can pre-plan schemes from one end to the other. 
That will be the day ! 


Mr. W. T. ScuTerR: On the question as to 
whether the higher degree of accuracy is really 
worth while, having regard to the errors which 
can occur in other factors concerned in calculations 
of illumination design, such as lamp performance, 
voltage at the lamp, depreciation, etc., it is 
opportune to remember how much more formid- 
able these errors must have been in the early 1920's 
when Harrison and Anderson presented their 
original tables. At that time there were no 
reliable data on lamp life and performance, volt- 
ages at the lamp socket were variable, and there 
was po established maintenance or data on depre- 
ciation which can compare with the knowledge 
we have today. It was in the spirit of progress 
that they accepted these tables, despite the 
difficulties. I suggest that we must also take a 
forward-thinking view in considering any method 
presented to us which provides advantage in 
accuracy. 


Mr. J. G. Hotes : This discussion is important 
because there is an international committee 
attempting to do on an international scale what 
Mr. Robinson’s committee is doing on a national 
scale, and the British delegates on that committee 
have been given the task of preparing a method 
of routine calculation for illumination design. In 
other words, we have to prepare internationally 
what Mr. Robinson is trying to prepare nationally. 
We would not have attempted this without Mr. 
Robinson’s experience on our side and the views 
expressed in this meeting will help enormously 
in formulating the British point of view and the 
British approach to this international discussion. 

Mr. Souter has suggested that one must compare 
one’s approach to this zonal method with the 
conditions 40 years ago when our predecessors 
had to approach the Harrison and Anderson 


75 





LIGHTING DESIGN-——-THE NEXT STEP: DISCUSSION 


method, The two are very similar. If Mr. 
Robinson had had the task of explaining the 
Harrison and Anderson method to people who 
had never met it, it would have been quite as 
complicated as the method he had to describe this 
evening. Fortunately we are familiar with Harri- 
son and Anderson and a lot of good friends of ours 
have simplified it, have revised it, have done a 
lot of work for us and now we think it is very easy. 
I feel quite certain in my own mind that when 
more of our friends have done similar work on the 
zonal method, again we shall find it easy. I am 
quite certain we shall find it more accurate. 
Whether or not that accuracy is of any advantage 
to the people who use the lighting, it is certainly 
of considerable advantage to those who have to 
pay for the lighting. One of the important 
requirements to my mind is that different people 
working on the same specification should achieve 
the same or closely comparable results. With 
the Harrison and Anderson method one can make 
quite large errors for similar calculations done by 
different people because of the way in which the 
simplified tables have been worked out. 

There has also been a suggestion that manu- 
facturers may provide either the fundamental 
data such as the polar curve which gives all the 
information, or the downward and upward light 
output ratios and the direct and ceiling ratios 
from which one can make all the necessary calcula- 
tions, and that we should expect the user to com- 
plete the calculations. I am _ perfectly certain 
that this won’t work. If Harrison and Anderson 
had come out in 1919 with the suggestion that 
manufacturers shoulC state only the horizontal 
component, the interreflection component and 
the direct component, we should not nowadays 
be using the lumen method because the Harrison 
and Anderson method would have died. I am 
very anxious that the zonal method should not die, 
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and therefore I want to urge that the task of manu- 
facturers is to complete the calculation of the 
coefficients of utilisation for their fittings in the 
different environments for which they are likely 
to be used, and to publish these final figures. 
Whether that calculation is done by the full 
zonal method or whether by some short cut that 
gives results of sufficient accuracy and consistent 
with the precise calculation by the zonal method, 
then I think we shall have achieved a marked 
advance in what has been described as the right 
direction. 


Mr. T. D. Narracotr: When the Panel's 
proposals were received by us, we considered 
some method of comparing it with Harrison- 
Anderson, to see the ease with which it could be 
used, to familiarise ourselves with it, and if possible 
to find the shortcomings or advantages of either. 

The first calculations we did were with one of 
our fittings, the distribution of which is shown in 
Fig. 1. This particular fitting was chosen mainly 
because of the three components that you will 
get with the Harrison-Anderson method. When 
doing the calculations we went quite deeply into 
the variations, and took all room ratios available 
and also used 50 per cent ceiling, and 10 per cent 
floor reflection factors and all the wall reflection 
factors available in the Panel’s tables. That 
may not be quite fair, but at least it gave as much 
information as we could get from the data 
available. 

We then plotted the coefficients of utilisation 
obtained by both methods against room ratio 
(Fig. 2). The family of curves is based on the 
50 per cent ceiling, 10 per cent floor and 50, 30 
and 10 per cent wall reflection factors. The 
Harrison-Anderson method gave values consider- 
ably lower for the higher room ratios than did 
the zonal method. At the 0.6 room ratio in two 
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cases Harrison-Anderson gave a slightly bigger 
coefficient, but slightly smaller with the 50 per 
cent wall reflection. 

Now this, of course, does not mean that either 


method is more accurate than the other. The 
results are worked out on the available tables, 
and indicate the differences that are obtained by 
the use of these tables, but if one refers back to 
some of the work of Potter and Russell (J//u- 
minating Engineering, March, 1954) there are 
published very similar curves to those shown, 
although the particular distribution we used is 
not included. All their curves are, however, 
reasonably similar to Fig. 2, and the indications 
are that the zonal method is more accurate. In 
both methods we found no difficulties in the cal- 
culations, and we decided to go a step further, 
and drew some imaginary curves. 

There is nothing particularly revolutionary about 
the next distribution (Fig. 3), but now we have no 
upper flux and no horizontal component. Agair: 
we had no difficulties by either method though 
we only worked on 50 per cent ceiling, 30 per cent 
wall and 10 per cent floor reflections. We used, 
however, all room ratios. Assuming a light out- 
put ratio of 40 per cent, we obtained a coefficient 
of 27 per cent by the zonal method at 0.6 room 
ratio against 21 per cent by Harrison, a difference 
of 28 per cent. At the other end, at 5.0 room 
ratio there was a difference of from 40 per cent 
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to 36 per cent in the coefficients, again the zonal 
method giving a bigger value. 

We took a third case (Fig. 4), again with no hori- 
zontal component, but with light in the upper and 
lower hemispheres. The shape of the distribution 
in the lower hemisphere, is however, different 
from that in Fig. 3. In this case we went further 
than taking the distribution as a whole; we also 
used the upper and lower distributions as separate 
cases, making three distributions in all. No 
difficulties were encountered, but again, as in Fig. 1, 
when using the downward light only we obtained 
lower coefficients at 0.6 room ratio by the zonal 
method and higher values at room ratios of 2.0 
and over, though the coefficients were substan- 
tially the same throughout. For the upward 
distribution only, both methods gave very low 
coefficients, with low room ratios, and in no case 
above 10 per cent when assuming a 25 per cent 
light output ratio. For the complete distribution, 
the coefficient of utilisation was a simple addition 
of the upper and lower hemisphere values. 

In the next case (Fig. 5) we were probably very 
unfair but at least it was designed to publish the 
frailties of either method. Here again we did the 
same as for Fig. 4, taking the upper and lower 
hemispheres as independent distributions, and 
then the distributions as a whole. With the bot- 
tom half, we did find that the zonal method gave 
us something like 77 per cent greater utilisation 
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with low room ratios and about 13} per cent for 
a high room ratio, which is quite a big difference 
if you have to put in fittings to give something 
like 77 per cent more or less light, although this 
may be criticised as a poor example of using such 
a distribution. Dealing with the upper half, 
you run straight into trouble because by Harrison- 
Anderson method you bring in the horizontal 
component, which is easy enough in itself, but 
then it is necessary to correct the indirect compo- 
nent by taking away five times the horizontal 
intensity. If you are not careful, and as happened 
in this case, this correction can outweigh the total 
flux in the upper hemisphere, giving a negative 
indirect component, and when you consider that 
in dealing with the cut-off of 90 degrees you have 
once again this same correction to apply to the 
lower hemisphere to compensate for too great a 
horizontal component, it can be seen that a 
negative values for the utilisation because we had 
to compensate so heavily by five times the hori- 
zontal intensity that it outweighed the actual 
value from the horizontal component. This is a 
weakness of the Harrison-Anderson method, whilst 
the zonal method is unaffected by the distribution. 

I will agree that Harrison-Anderson did not 
visualise a fitting of that nature, but the fact 
remains that the zonal method will take the 
curve and Harrison-Anderson will not. That, 
in my opinion, is a very strong point for considering 
the zonal method as a replacemert when we have 
so many distributions with the fittings available 
to us today. 
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How we would present catalogue data if the 
zonal method was acceptable from the manu- 
facturers’ point of view I do not know. We came 
to the conclusion that there is more work in the 
zonal method than the Harrison-Anderson. There 
is probably very little in it if you have a specific 
case, because in both methods if you start from 
the polar curve you have to do some zonal work 
anyway. But for general use, and assuming the 
manufacturer supplies the classification data of 
a fitting, with the Harrison-Anderson there are 
only three things to work out. If, however, you 
start from a table giving direct and ceiling ratios 
for the zonal method, there is probably half as 
much again in the time and work involved, and 
if as a manufacturer you try to work out all the 
cases for presentation in your catalogue, then it 
does appear that the amount of work involved 
would be considerably greater for the zonal 
method than for the Harrison-Anderson classifi- 
cations. But I think the critical points are that 
the zonal method will take whatever distribution 
comes up, at least within the scope given by 
the report, whereas Harrison-Anderson falls very 
short in certain cases, and the zonal method 
would appear to be more accurate judging by 
experiments and practice, especially at high room 
ratios. 

Regarding the relative accuracy, I feel that to 
use an analogy from a new method which is coming 
to the fore, the “‘ plastic theory ”’ for working out 
structures as opposed to the more old-fashioned 
methods is regarded by structural engineers as 
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being superior, but at the moment it is not in 
general use. But when we consider structures 
being put up today which are probably some 30 
per cent to 50 per cent lighter than pre-war because 
of this plastic theory in design, you have to remem- 
ber that someone has to pay for the extra 30 per 
cent steelwork. If the method we use starts 
off by being more accurate, we know the final 
answer should be nearer to the truth and we 
should be able to pass on the benefit at least to 
the purchaser of our fittings, and improve our 
standards. 

I would like to add that these comments refer 
to the relative merits of the zonal method and 
Harrison-Anderson, but consideration might be 
given to other methods than either of these two. 


Mr. W. Imrre-SmitH : I would like to comment 
on this subject of accuracy, as the last speaker has 
demonstrated the point which is so frequently 
misunderstood in regard to the claims of accuracy 
with this method. Admittedly you could get a 
fitting that would give you the same answer 
whether you worked it out with Ward Harrison 
or with the zonal method ; it is not claimed that the 
zonal method is more accurate if you happen to 
consider these particular cases of light distribution. 
The improved accuracy of the zonal method is 
that you can apply it for any type of symmetrical 
light distribution. The Ward Harrison method 
was quite good if you happen to be dealing with 
the three or four typical classified polar curves. 
Departures from these shapes resulted in intro- 
ducing errors, whereas the zonal method is applic- 
able over the whole range of light distributions 
with equal accuracy ; that is the point. 

I would like to conclude with a reference to the 
query as to what accuracy the lighting engineer is 
trying to obtain, and the implication that greater 
accuracy is unnecessary. That is an unkind 
question, because so often in the past when lighting 
calculations were concerned and somebody has 
wanted to conceal the fact that some lamp or 
fitting was not performing as well as it was hoped, 
they frequently just said, “the maintenance 
factor will look after that.”’ 

We are not claiming that this system or any 
other system known to an illuminating engineer 
is so super-accurate that in practice we can design 
a lighting installation and say, “ You wanted 
20 footcandles, and your light-meter will read 20.” 
Something is usually wrong if it does. 

The truth of the whole thing is that we know 
we are on a losing wicket; it is impossible to 
calculate a practical installation with the idealist 
conception of accuracy, but what is important— 
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and I have preached this for some years in con- 
nection with other aspects—is that this still does 
not give the technical man any excuse whatever 
to neglect the accuracy of the tools he employs 
simply because he knows he has a number of 
other errors coming into his results. For example, 
someone mentioned the possibility of changes of 
furnishings in a place. I quite agree, if someone 
puts in pink furniture you will get another result 
without any alteration of the lighting system at all. 
The point is that if you get rid of the furniture 
would you be anywhere near right? We cannot 
get there if we keep saying at any particular step, 
“* This procedure is all right as it only results in an 
error of 10 per cent, and we cannot expect to get 
less than 30 per cent on the final results.” The 
whole approach is, whatever data we can make 
accurate, let us make them as accurate as we can, 
and then we have less error due to the other factors 
we cannot control. It is for this reason we claim 
the zonal method is more accurate, because wé can 
be more precise for a greater variety of fittings 
than we ever could before, and then if you add 
other complications you will get divergencies 
which are no worse than before, but added to our 
answer will be nearer the truth than on the old more 
erroneous answer. 


Mr. A. H. Nasu: While the principles used in 
establishing utilisation factors are very welcome, 
I feel that the method of use published in the 
Appendix will have only limited use. This will 
be in those cases where a customer can be en- 
couraged to specify accurately and the lighting 
engineer can spend the necessary time on preparing 
a detailed scheme. 

When is the Technical Committee intending to 
publish the tables necessary for this method to 
be used ? 

I think the ordinary practising lighting engineer 
who is used to turning up utilisation tables will 
not use this method very often, and I think that 
tables of utilisation factors should be published. 
These should, of course, be based on the recom- 
mended principles. 

Whilst it would be possible for manufacturers 
to publish such tables in relation to each item of 
their equipment, it would be more economical 
for them to publish a brief reference to independent 
published tables, and I therefore think that the 
Committee should keep in view of the possibility of 
publishing such tables covering a very much wider 
range than those at present published. 


Mr. Rosrnson : I did mention this possibility 


in the introduction. There are two or three 
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basic uses for this data; (1) For the manufacturer 
who wants to use a consistent, logical way of 
calculating coefficients of utilisation ; (2) for the 
lighting engineer in the field who wants a very 
good accurate job ; (3) the more distant prospect 
that we shall in fact get a set of basic tables of 
utilisation factors worked out which will cover 
practically every category of luminaire available, 
to be used in the same way as the coefficient of 
utilisation tables today. 

This is not an immediate prospect but the 
Panel has examined the possibility of categorising 
tables universally. If you are prepared to accept 
an error of only 5 per cent you will have 200 
tables. If you are going to accept an error of 
10 per cent you get away with 60; 15 per cent 
and you get down to about 30 tables covering the 
whole range of equipment you are ever likely to 
have. We have got to think very hard on this 
question of margins of error. Let me say that we 
are talking about Harrison and Anderson producing 
a 10 per cent error, but what is actually occurring 
is an error of 40 or 50 per cent and it is that kind 
of error we think we can cut out for good. We are 
not interested in errors very much less than 5 
per cent. 


Mr. Nasu: When is the first part of the data 
(as shown in the Appendix) to be published ? 


Mr. Souter: This will be a decision for the 
Council as a matter of policy ; it will be necessary 
to assess the support manufacturers are going to 
give to this proposal, as it largely rests with them 
whether it is to he used successfully in this country. 


Mr. Narracott: There was a small error 
which I do not think I mentioned to Mr. Robinson : 
in the table for working out direct ratios, Appendix 
1, at the bottom, Item No. 3, it says, ‘sum the 
products and divide by the total luminaire flux 
to obtain the direct ratio.” When working on 
this I fell into the mistake of following Item 
No. 3. I think it should be “ total luminaire 
flux in the lower hemisphere,’’ and I mention 
that fact in case anyone here tonight wants to go 
away and work it out. 


Mr. E. Harrison-Jones: On the point raised 
by Dr. Strange regarding lighting installation tests, 
these are taken regularly by my associates and, 
I am quite certain, as a matter of general practice. 

These tests show that, generally, accuracy to 
about 15 per cent can be achieved using the 
Harrison and Anderson method. This, of course, 
assumes deriving a coefficient of utilisation from 
photometric data specifically obtained for the par- 


ticuiar lighting fitting being used, as opposed to 
referring to tables of lighting fittings to which, 
to varying degrees of accuracy, it is somewhat 
similar. 

I believe that, from the accuracy standpoint, 
quite reasonable results can be obtained using the 
present system. 

It is, I think, inescapable that the proposed 
Jones and Neidhart method is going to mean a 
considerable amount of extra detailed work for 
the lighting engineer. I am talking now of the 
practising lighting engineer in the field, the chap 
who has ultimately got to do the work. Not those 
who can afford to specialise, to concentrate on 
one aspect, but the man who may be handling 
perhaps 10 projects at any one time in various 
stages of development, and possibly ranging over 
19 entirely different subjects. Now the lighting 
engineer has considerable difficulty in keeping his 
ideals intact under the conditions with which he 
has to work. I think that this is one of those 
inevitable things that we cannot avoid, for he is 
working in a very busy office, all the time coping 
with external pressure which may not be condu- 
cive to pure design, and unpleasant words like 
“ competition ’’ and *‘ expediency "’ are not very 
far in the background. Under this situation you 
can understand that additional work could create 
a difficult situation. I consider that this addi- 
tional work could hardly be less than 10 per cent 
on the overall man-hours spent on a project and 
assuming an average of 15 total man-hours, this 
additional work cannot lightly be accepted. 

Another aspect of this matter is perhaps a little 
sordid, but we must be practical about this. 
You have the fact that the average practising 
lighting engineer has about half of his work thrown 
in the waste paper basket. This arises out of the 
system governing the working of the lighting en- 
gineer and in itself it is not necessarily wrong ; 
it has to be accepted as one of the products of 
competitive progress. However, I am sure you 
can appreciate that having to work in a negative 
way quite a lot of the time it is difficlt to think 
in very fine terms particularly when it is sometimes 
difficult to keep high standards of design and 
engineering using the lumen method. 

Personally I consider that these tangible aspects 
of engineering are subservient to the intangible 
things, for I am afraid I am of the school which 
considers lighting more of an art than a science. 
The instances where one would like to predeter- 
mine illumination and luminance values, but can- 
not do so because of lack of method, are not in 
the symmetrically arranged systems, but in highly 
specialised interiors which are very far from being 
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symmetrical. In these cases one visualises the light- 
ing effect as an art form, and then attempts to 
calculate the effect that will be produced in terms 
of illumination, but it is extremely difficult if not 
impossible to do this in most cases and the Jones- 
Neidhart method would be quite useless. 

Referring back to symmetrical lighting arrange- 
ments we must not decry any method which 
enables us to design to a greater degree of accuracy, 
but I really cannot see, from this paper, lighting 
engineers in this country using the proposed 
method as it is. 

There is a very great danger in the academic 
approach, and this is illustrated by Mr. Waldram 
in his paper in which he took as an example the 
lighting of an industrial assembly shop, the ulti- 
mate layout being single 80-watt fluorescent 
fittings on 5 ft. by 6 ft. 8 in. centres at a height of 
9 ft. to produce in effect 45 Im/ft? on the working 
plane. Obviously Mr. Waldram could also pro- 
duce much other information, but that was the 
basic story. Those practising lighting engineers 
who are here can perhaps imagine the reaction of 
a typical works engineer if you went in and 
attempted to justify the economics of selling him 
a fluorescent system of this nature. I only quote 
this as an example to show how very easy it is 
to obtain a completely unreal answer using 27 
academic approach. It certainly is unreal and in 
fact would be commercial suicide. 

The main thing for us all to remember is that 
we must keep our feet on the ground and we must 
have a realistic method with which to undertake 
our work as lighting engineers. Otherwise any 
proposal is going to be stillborn and nothing will 
be achieved. 


Mr. Rospinson: I am a lighting engineer and 
proud of it. I do not pretend to be an artist, but 
I am a lighting engineer, and I consider that I 
can do a lighting installation without any know- 
ledge of those things which apparently take up 
the time of the artist. There is a tendency to 
say that lighting is more an art than a science 
and thereby to suggest that that part which is a 
science may be sloppy. There is lighting for 
every kind of purpose. There is lighting for 
engineering, lighting for eating by, lighting for 
sleeping by, and they are all different, and when 
we submit a scheme for calculating coefficients of 
utilisation for a general lighting system we do 
not mean that we are going to try to tell you how 
to light a restaurant to try to attract a customer. 
We are not concerned with the art. That part of 
lighting that is scientific might as well be kept 
scientific, and we should use proper data instead 
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of half-baked data. I am not content to go on 
using half-baked data. I am going to say again 
that people are consoling themselves for poor 
engineering with the thought that they are doing 
an artistic job and not an engineering job. 


Mr. SouTER : It is doubtful whether many prac- 
tising engineers in the field could effectively use 
the present Ward Harrison system for the calcula- 
tion of such coefficients of utilisation which they 
might require in their daily activities. It is usual 
for them to refer to the data made available by 
the manufacturers of the fittings concerned. This 
information is sufficiently comprehensive to meet 
most of the general requirements of the field 
engineer, covering a suitable range of room index 
and reflection factor values. The same procedure 
would, no doubt, be adopted with the zonal method 
while at the same time allowing those in a con- 
sultative capacity the opportunity to make their 
own calculations from basic data. 


Mr. H. Hewitt: I think Mr. Harrison-Jones 
may be unduly depressed tonight about the routine 
work of the lighting engineer. On the question of 
practicability of the proposals put forward by the 
Panel, I would have thought that they would have 
started their work by trysng to assess the degree 
of accuracy at present obtained in practice by the 
use of the Harrison and Anderson method. Did 
they do that, and if so what were the results 
what greater degree of accuracy could they claim 
if the new methods were used ? 


Mr. BELLCHAMBERS : I would like to reply by 
quoting Ward Harrison himself on the subject 
when he took part in the discussion of a paper in 
America : ‘‘ It might be appropriate to mention 
here what the inaccuracies of the older method 


were. One of them stems back to the fact that the 
experimental room measurements by Mr. Ander- 
son and myself were made in 1915-1916. For 
nearly forty years after that no.one in the industry 
saw fit to do any further comprehensive testing 
along these lines. Meanwhile, a host of new 
luminaires and some new light sources were 
developed with distributions very different from 
the older ones ; notably very concentrating distri- 
butions. 

“In the absence of data, the old curves were 
extrapolated, which is always a hazardous venture. 
In some cases, those who made the calculations 
erred seriously, but it is fortunate that they 
always erred on the conservative side. 

“So much for discrepancy number one. As 
for number two,.I still have a mental reservation. 
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Our old tests were made using an uncorrected 
test plate and deliberately no attempt was made 
to correct our results although we knew that we 
were getting more light than we recorded. The 
errors from about 4 per cent in small rooms 
with dark walls to about 12 per cent in large rooms. 
We knew that after a lighting design was made in 
accordance with the tables it would, if checked at 
all, be checked with meters reading at least as 
much too low as ours did. This would certainly 
have led to dissatisfaction and I would point out 
that nearly all meters in the field even today are 
of a type which read low. Luckily, fluorescent 
lamps, which are now the centre of interest, give 
substantially more than their rated lumens for the 
first few days after they are installed and this 
fact may save you practising engineers much 
embarrassment. If you get there quick enough, 
when measuring with a common uncorrected 
meter, you will still show as much light as you 
promised the client.’’* 


Mr. Hewitr: If I may make one further 
comment, I should think that this amusing extract 
was a full justification for starting by making 
practical experiments in the field, using modern 
techniques and modern fittings. 


Mr. Rospinson : We did not have enough man- 


power : had to use our brain power instead. 


Mr. H. Hewitt : I feel sure manufacturers would 
be willing to co-operate in an exercise of this nature. 


Mr. BELLCHAMBERS: American workers have 
actually made measurements and compared their 
results with the Harrison and Anderson method 
and have published curves showing the difference 
between the Harrison and Anderson values and 
those calculated by the zonal method and the 
values obtained in actual installations. We have 
used these largely as a guide in determining where 
we should start. They have been published in 
Iiuminating Engineering and are available for 
anyone to see. We made copies of these and 
tabled them (I think at our second meeting) to 
show that there was a distinct possibility of finding 
out where the errors were likely to occur and what 
size these errors were likely to be. 


Mr. R. H. Simons: I think that in comparing 
the two methods, besides taking into account 
their relative accuracies, one has to take into 
account the amount of work involved in applying 
them. 


* Measured Utilisation Factors 11—Potter, M. and Russell, 
A. H. Illuminating Engineering, Vol. 50, No. 4, 7. 196 (1955). 
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There is no doubt that the Jones-Neidhart 
method involves much more work than that of 
Harrison-Anderson, and this will be one of the 
major criteria which manufacturers will have to 
consider when weighing up their relative merits. 
With the Jones-Neidhart method as it is proposed 
here, where tables are used instead of graphs 
the work is further increased by having to inter- 
polate every time a utilisation factor is looked up. 
This means that in the production of the usual 
tables of eighty coefficients of utilisation, it is 
necessary to interpolate 160 times for suspended 
fittings, or 80 times for ceiling moanted fittings, 
which, even though the Panel have made a simpli- 
fication by adding the direct ratio on to the re- 
flected component, makes the work very lengthy 
and tedious. This is in contrast to the Harrison- 
Anderson method, where, once the three compo- 
nents have been calculated and the utilisation 
factors for the direct components written down, 
the rest of the work is straightforward computation 
which, it has been found in practice, can be under- 
taken by personnel who have no knowledge of 
photometry. 

Could the Panel say why they think that tables 
are better than graphs. 


Mr. Imrie-SmitH : The Panel is not of unanimous 
view on that. I am on your side. I am all in 
favour of graphs (it might be a three-dimensional 
graph when we finish). We do have to be realistic 
in publications, though at times it may mean 
publishing a table instead of graphs, which take 
up a lot of space. That, I think, is a question of 
presenting the data. I agree that :f the job is 
all done for us it is much easier. On the other 
hand, if you are disappointed in the final result 
you have the course that I adopted myself; 
that is, you can plot the graphs you are interested 
in from the tables, which saves you the interpola- 
tion trouble. 


Mr. Simons: Actually, that is what I did. 
Mr. Imrie-Smitu : I agree it would be very nice 
if we had a ready-made graph. 


Mr. A. D. S. Atkinson: If anything at all, 
will be tables. It was my unhappy task to iain 
graphs into tables and I never realised before how 
very easy it is to make a mistake in reading a 
graph. Two of the graphs in the American job 
are transposed and nobody else has noticed it yet. 


Mr. J. A. Lynes: The room index formula 
quoted by the Panel has certain limitations. 
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According to Hisano it should not be applied in 
interiors, such as corridors, where the length of the 
room is greater than four times the width of the 
room ; the Final Report might usefully include a 
note to this effect. Incidentally the Panel’s room 
index expression is incorrectly claimed to be the 
same as that used by Harrison and Anderson ; 
it will not, in fact, give the same result unless the 
interior is perfectly square. 

If one makes the usual assumptions about 
perfect diffusion and uniform illumination it may 
easily be shown that the effect on the coefficient of 
utilisation of a given change in the reflection factor 
of the floor (strictly speaking, of the working plane) 
will be independent of the light distribution of the 
fittings employed. If an installation has a coeffi- 
cient of utilisation of, say 0.3, and the reflection 
factor of the floor is altered, the changed coefficient 
of utilisation wiil have the same new value what- 
ever type of fitting is used. It is therefore 
unnecessary for the Panel to tabulate separate 
corrections for different values of direct ratio ; 
the same correction factor will apply to a given 
interior, and this should be independent of the 
value of the direct ratio. 

Manufacturers of lighting fittings, being human, 
may be tempted to adopt the Jones-Neidhart 
method, not so much because it is more accurate 
than the Harrison-Anderson method as because 
it will enable them to publish rather higher 
coefficients of utilisation for their fittings. 

It seems possible, however, that coefficients of 
utilisation computed by the Jones-Neidhart 
method may be unrealistically high, partly because 
some of the light reflected from the ceiling may be 
trapped by the luminaires, and partly because 
the technique employed for estimating the effect 
of the inter-reflections is based upon the assump- 
tion that flux received directly by the walls will 
be uniformly distributed over the wall area. If 
most of the flux is concentrated on the upper part 
of the walls, the fraction ultimately reaching the 
working plane will be reduced. In many installa- 
tions the upper part will in fact be brighter than 
the lower part, for the simple reason that fittings 
are generally mounted nearer to the ceiling than to 
the working plane. 

It would be a pity if, by neglecting these points 
today, we make it necessary to appoint another 
Panel in ten years’ time to produce more accurate 
coefficients of utilisation; they might have the 
embarrassing task of recommending a return 
towards the Harrison and Anderson data. 


Mr. Ropinson : I would not like to have led 
anyone astray. I think it was in effect the same 
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with the Harrison and Anderson method. The 
Harrison and Anderson room index for a square 
area is the width over twice the mounting height 
and that is precisely the same as the Jones and 
Neidhart one. 


Mr. M. W. Prerce: Most practising lighting 
engineers would agree with me that they do not 
really have any difficulty in lighting calculations 
_when the coefficient of utilisation is going to work 
out at somewhere between 0.4 and 0.6. I would 
say that the Harrison and Anderson method will 
give quite reasonable accuracy within these limits. 
I think the lighting engineers’ difficulties (and 
possibilities of considerable error) are in some of 
those unusual lighting schemes where the coeffi- 
cient is going to be say 0.05. If you work on 
0.05 and it happens in the final installation to 
come to 0.09 you are nearly 100 per cent out in 
your calculations. These queer problems arise 
often in indirect lighting schemes or where there 
are to be floodlights on the window ledges lighting 
up to the roof. The new method of calculation 
gives no solution for arrangements which are not 
symmetric and I would have wished that if we are 
going to have a more complicated procedure then 
at least we might have a real method of finding a 
coefficient of utilisation for some of these more 
difficult and complicated problems. At the 
moment we have to do a good deal more guessing 
with these problems than we do with more straight- 
forward ones. 

Another thing that rather horrifies me in this 
paper is the introduction of spacing-height ratios 
After all, when you are using fluorescent lamps, 
the spacing-height ratio is difficult to determine. 
I do not think that, in fact, changing the spacing- 
height ratio is going to make any appreciable 
difference to the final coefficient of utilisation. 


Mr. Rosinson: On the spacing-height ratio 
I want to say that we are all concerned with this 
problem of what is the spacing-height ratio in 
the case of rows of fluorescent lamps.. We are 
not prepared to say that the effect of slight varia- 
tions in spacing height ratio is very great, but 
there are certain special cases where we should be 
able to apply a correction and I think we can if 
it is necessary. 


Mr. J. B. Harris ;: I have looked into this matter 


and would like to ask: “‘ What authoritative 
method are we to use for the determination of 
the spacing height ratio? Can we still use the 
appropriate British Standard or have you given 
some thought to the different fittings now available 
sirce this was published ? ” 
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Mr. Imrre-SmitH : Your question is, has there 
been any change in the technique of deciding what 
the spacing height ratio and particular light 
distribution should be? That is a separate subject 
and we are accepting it as it stands. It is a prob- 
lem divorced from the present case. 


Mr. D. H. Hottoway : One definition of art is 
“a science where the rules are not known.” This 
report has filled in some of the rules. I believe in 
presenting the new method in a practical manner 
if possible, so that the ordinary field engineer 
can haveastabatit. It is the only way of making 
it readily acceptable to the majority of people who 
will have recourse to it. 

Could the Panel please tell me why on page 108 
some of the figures in the dewnward utilisation 
factor are in excess of unity ? 

Mr. Ropinson : Although the utilisation factor 
is rightly shown as more than unity, the actual 
coefficient of utilisation is, of course, not above 
unity. 


Mr. Souter : We have had a most useful discus- 
sion and the contributions which have been made 
will be very helpful to the members of the Study 
Panel in their further work on this subject. 

Reviewing the comments which have been made, 
it would seem that the additional accuracy of the 
proposed zonal method has not been questioned 
but rather as to whether it is a worth-while im- 
provement in accuracy which would justify the 
additional time required to make the calculations. 

I suggest, however, that we should take a wider 
view than just this particular aspect of the 
proposals. It has been mentioned in the dis- 
cussion that this subject is being considered 
internationally at the present time by member 
countries of the C.I.E. and we would wish our 
N.L.C, representatives to be in the lead with new 
proposals rather than following and accepting the 
work of other countries. Furthermore, during 
the coming year the Society will be holding its 
Jubilee celebrations in which we shall be paying 
tribute to the pioneers of the past and their 
achievements. It is opportune to remind ourselves 
that it is now our responsibility for the progress 
which can be made at the present time and that we 
should not discount any such opportunities 
because they may entail additional time or effort. 


Mr. R. A. Hounstow (written contribution) : 
I congratulate the Panel on their progress in this 
difficult task and would like to express support 
for the attempt to improve the basis of lighting 


There are, of course, certain reservations and 
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qualifications which I should like to make as a 
rsult of the previous discussion and of certain 
findings arising from trials in the use of this method. 
These for the purpose of clarity are listed below, 
without regard for order of importance. 

(1) It is apparent that calculation of complete 
coefficient of utilisation tables requires roughly 
twice the time per set as compared with the 
Harrison-Anderson method. 

(2) If complete tables are not to be published 
and the alternative method of presenting data is 
to be used, i.e. the abbreviated data as illustrated 
in Appendix 3, then approximately 50 per cent 
extra labour is involved. 

(3) The simplification of the ten tables should be 
considered in the light of Mr. J. Lynes’ comment. 

(4) The publication of a new set of coefficient of 
utilisation tables as was produced by E.L.M.A. 
and subsequently by the B.L.C. would, on the 
basis of the introduction of this new method, be a 
retrograde step and is therefore to be deprecated. 

For some time past we have accepted the 
responsibility of producing (as far as is com- 
mercially practicable) sets of coefficient of utilisa- 
tion tables for our own fittings. 

(5) It should be made clear to the Society in 
gencral that this new method has definite advan- 
tages over the old, and in exactly what way this 
is so. Reference should be made to the compara- 
tive data produced in America which were 
mentioned by Mr. Bellchambers. 

(6) I would stress the importance of clear 
terminology, and support most strongly the 
observations made by Dr. Walsh, which need not 
be repeated. I do understand why the Panel 
used the Jones and Neidhart terminology in the 
first instance. They should now be revised. 

(7) Some of the observations concerning the 
difficulty of the engineer in the field carry little 
weight. It does not seem to have been appre- 
ciated that the more accurate utilisation factors 
produced by the new method do affect their 
application to the lumen method of illumination 
calculation. I reserve my opinions as to the 
further application of this design data to the design 
of the visual field proposed by Dr. Waldram. 

(8) It has been decided that from now onward 
all our photometric data sheets will include, in 
addition to the Harrison and Anderson flux 
components, the upward and downward light out- 
put ratios as suggested in the Panel’s report, so 
that a transition from one system to the other may 
be effected as soon as possible. 

I trust that these comments will prove helpful 
in the development of a sound background for 
lighting design in general. 
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The Lighting of Gloucester Cathedral 
by the “Designed Appearance” Method 


By J. M. WALDRAM, B.Sc. (Fellow) 


Summary 
This paper describes the application of the method of ‘' Designed Appearance ”’ lighting 


design to a large and complex interior, consisting of several interconnecting spaces. 


The 


design is described in detail, from the initial conception to the final specification, trials, 


modifications and verification. 
is described. 


(1) Introduction 

The electrical installation at Gloucester 
Cathedral was installed fifty years ago, and recently 
became due for renewal. The opportunity was 
taken to redesign the lighting, and the electrical 
contractors invited the author to collaborate in 
its design, having in mind the method known as 
“Designed Appearance Lighting ’’ which had 
recently become available(*’ *). 

The Cathedral gave a unique opportunity for 
this method, and it was a stimulating challenge 
to the designer. It is an ancient building, of great 
beauty and long history ; as a structure it is very 
complex, and as a lighting problem quite unusual, 
with aesthetic effects predominating and with 
some features which were encountered for the first 
time. Previous publications have given the 
theory of the Designed Appearance Method, its 
application to a fairly complex interior('» *) and 
to a simple rectangular interior(*). The present 
paper describes its application to a case of unusual 
complexity where the use of every device available 
to the designer, both in calculation and equip- 
ment, was justified. 

The funds available for relighting were limited, 
and the cost of the scheme had to be estimated 
at an early stage so that it could be deciaed 
whether to proceed with it. This factor was in 
itself a justification for the design method. Since 
the building existed, the lighting might well have 
been decided by experiment. But this is costly 
and slow; and the final appearance can be 
appreciated only when all the lighting is available, 
so that the design of the wiring scheme, which is 
the most costly part of the installation, would 
have to await the end of the experiments. Accord- 
ing to the method of Designed Appearance Light- 
ing the design commences with a statement of 
the effects to be sought and the lighting is worked 
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out to produce them ; thus the positions of lighting 
equipment and the electrical loads can be deter- 
mined at an early stage with some confidence and 
the scheme can proceed in an orderly way. 


(2) The Building 

A full impression of the Cathedral as a building 
cannot be conveyed without an elaboration of 
drawings and photographs not justified in this 
paper, and the reader is referred for details to 
standard architectural sources. The plan of 
Fig. 1, the sketches of Figs. 6 and 9 and the 
photographs here reproduced may suffice for a 
general impression. It is a _ traditional stone 
building in a diversity of architectural styles. 
The Nave (Fig. 2) and Ambulatory (Fig. 11) are 
Norman (XI-XII century) with a stone XIII 
century ribbed barrel vault to the nave; the 
Choir (Figs. 3, 7) is a sharp contrast in XIV century 
Perpendicular with a fine lierne vault, separated 
from the nave by a XIX century stone screen 
with a XVII century screen organ. The two 
Transepts are also in Perpendicular work. The 
Lady Chapel (Fig. 12) is XV century Perpendicular 
also with a lierne vault roof ; there are four small 
chapels in various styles. Thus there are five 
main spaces, four of which are interconnected, 
providing vistas from one to another which are 
a principal beauty of the building. The Cathedral 
is practically never used as a whole, especially 
at night ; but one or other of the spaces is used 
many times a day and in many different types of 
service, those attending having to pass through 
other parts of the Cathedra! to reach the one in 
use. Whenever the building is open there are 
many visitors in all parts of it. 


(3) The Design Procedure 
(3.1) Preliminary 
The first step in Designed Appearance Lighting 
is to decide upon the appearance desired for the 
lighted interior. In a cathedral this is complex, 
on account of the varied uses of the building, and 
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because of the features of interconnected spaces. 
It could of course be settled only in discussion with 
the Cathedral authorities ; but it was necessary to 
form some preliminary ideas of the possibilities 
beforehand. Therefore, before even visiting the 
Cathedral, all available guidebooks, photographs 
and plans were studied until the designer felt 
familiar with its history and structure and could 
in imagination walk about in the building. Ideas 
for its appearance took shape. 

In parallel with the designed appearance, 
however, must be consideration of the type of 
instailation to be used. It was known that the 
Cathedral authorities favoured some system of 
concealed lighting ; and this system commended 
itself. It would be a major problem in aesthetics 
to design and locate exposed equipment which 
would be congruous with the architecture, both 
by night and by day, and it would be difficult to 
avoid “ polluting the space.”” Exposed equipment 
used alone would have little chance of properly 
revealing the architecture. It had the further 
disadvantages that it would probably involve 
very long drops and wiring right up in the vaults, 
with consequently heavy wiring charges, and the 
lighting equipment to be worthy of the building 
would have to be of fine design and material, 
which is extremely costly. On the score both of 
design and cost, therefore, concealed lighting was 
the preferred system. However, there were few 
sites where lighting equipment could be placed. 
The main surfaces, especially in the later parts 
of the building, were elaborately carved with 
vertical ribs and afforded no sites; but the 
Cathedral had galleries giving access to the 
triforium, clerestory and similar possible sites 
which would facilitate maintenance ; in smaller 
churches such places can be reached only with 
long ladders. > 

The lighting equipment had to be sited where 
it would do its job; where it would cause no 
damage to the fabric or be incongruous with the 
architecture ; where it was accessible for main- 
tenance but not to the public ; and where it would 
be invisible as far as possible, at least to those 
entering the Cathedral and worshipping there. 
(Some critics did not appreciate that it had of 
course to be visible to the parts which it was 
lighting, and that no system of concealed lighting, 
except an indirect system, can be invisible from 
all positions.) The designer had therefore by no 
means a free hand, and in some places had to 
accept a compromise which was not completely 
satisfactory. However, compromise is of the 
essence of design. 

From the preliminary study, he was able to 


86 


make his first visit to the building and hold 
discussions with the Dean (The Very Rev. Seiriol 
Evans, M.A.) and the Cathedral architects (Col. 
N. H. Waller, F.R.1.B.A., and Mr. B. J. Ashwell, 
A.R.I.B.A.), armed with a sketch of the nave 
indicating a possible final appearance, and _ pre- 
liminary written suggestions. These were of 
course modified to some extent as the result of 
the discussions, after seeing the actual building 
and learning in more detail of its functions, and a 
revised statement was prepared and agreed. The 
cathedrals of Durham and Salisbury were visited 
with the contractors at the suggestion of the 
Dean and studied, the first for its system of 
concealed lighting and both for their electrical 
installation and system of control. 


(3.2) Survey 


As the notions for the final appearance took 
shape, the preferred positions for lighting equip- 
ment also became clear, particularly from con- 
siderations of modelling, and were investigated. 
Some 30 to 40 photographs were taken, mostly by 
day, showing features of the interior, possible 
positions for lighting equipment, and the view of 
the interior from those positions. These photo- 
graphs were invaluable aids in later work, for the 
available drawings though in some _ respects 
detailed, were by no means complete, as is natural 
in an ancient building. Reflection factors were 
measured. 


(3.3) The designed appearance 


In designing the appearance of the building by 
artificial light, its functions had to be considered 
with understanding. Some churches have been 
lighted with attention only to the architecture ; 
in others the architecture has been ignored. 
Some critics maintain that such ancient buildings 
were designed to be lighted with candles, and that 
it is not fitting to light them otherwise. The 
first lighting shows the building merely as an 
interesting ancient monument; it is lighting for 
the guide-book. The second—of which there are 
some notable examples—leaves the appearance of 
the architecture to chance, lighting only for the 
congregation’s visual task of reading a prayer 
book. 

The last notion cannot bear examination. 
When the cathedral was built there was no arti- 
ficial light in existence except rushlights, and the 
building was no more designed to be lighted by 
them than it was designed for a modern organ. 
It was built for daylight, and originally for not 
much of that, for the Norman windows were 
inadequate and were considered as decoration, 
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filled with stained glass. It was partly to provide 
more daylight that the choir and transepts were 
transformed, and the largest window in England 
was installed at the East end. The architectural 
embellishments and forms used by the builders 
were evolved, surely, for daylight coming from 
side windows ; and they can only be seen as their 
builders would have wished when lighted in 
somewhat the same way. Though the design 
should not ape the daylight effect, it must clearly 
learn from it. To insist upon the use of little 
points of light, because that is all that was available 
to the ancient builders, is merely to imitate their 
limitations to no purpose. Individual lights have 
their proper place, but not for that reason and not 
everywhere. 

The approach to this building must be the classic 
one of enquiring what it is used for and what 
its users do, and designing accordingly. The Dean 
properly insisted that though it is an ancient build- 
ing, it is not merely an ancient monument ; it is 
used daily for worship, and if lighting is installed 
it must be as a contribution to that use. It would 
not be justified merely to light the architecture 
because of its interest. But in a cathedral the 
liturgy, the music and the architecture combine 
to aid and to lead the worship of the congregation, 
and it is fitting to reveal the beauty of the archi- 
tecture sufficiently, but without attracting undue 
attention to it, so that it contributes to worship, 


drawing attention to the appropriate places. 
The Dean further insisted that the building must 
not be overlighted ; that some sense of mystery 
should remain : shadows are as important as light. 


The effect should be dramatic, but not theatrical 
in the sense of displaying an obvious striving for 
effect. 

The aim in deciding the Designed Appearance 
was therefore to light the building of course with 
sufficient light for the worshippers to see, and also 
to light the architecture so as to reveal it for its 
purpose, perhaps as the builders themselves would 
have lighted it had they had modern facilities. 
Effects of daylight were studied, but in many ways 
it was possible to do better than daylight, for 
artificial light is more flexible. For example, 
with artificial light it is possible to control the 
emphasis of some features and the suppression of 
others in a way impossible in daylight. 

The first requirement was one of emphasis: 
attention of worshippers must be drawn to the 
altar (either the nave altar or the high altar) and 
also, when appropriate, to the pulpit. The details 
of the altars and reredos are seen from great 
distances and should therefore be very well 
modelled ; the face of the occupant of the pulpit 
should likewise be well and naturally modelled— 
incidentally, this helps those slightly deaf to 
understand what is said, for they often lip-read. 
The second requirement was that the structure 
and embellishments should be shown naturally : 
the great round nave columns and the delicate 
perpendicular choir should appear in their true 
shapes ; organ and screen should be well modelled 
but less emphasised than the nave altar ; the choir 
seen beyond them should be lighter leaving the 
organ sliehtly in silhouette. The north aisle, it 
was decided, should be a little lighter than the 


Table 1 
Basic Calculation for Nave 





Apparent Luminance 
B;'ghtness 


ft.L 


Reflection 


Total 
Iliumiaation 
Im/ft® 


Direct 
Illumination 
lm/ft? 


Interrefiection 
Illumination 
lm/ft? 


Factor 





0.1 


North triforium 
North columns 
South triforium 
South columns 
Screen oe 
Altar frontal. 
Seating 

Organ 

Choir 


15 
25 
10 
10 
27 
27t 


0.38 
1.0 
0.175 
0.175 
1.1 
1.1 
(1.2) 

20 0.16 
? 30 (? too bright) 


*Inter- 
reflection 
more than 
needed 

0.33 0.77 
0.4 2.5 

0.5 -- 
0.55 
0.75 
0.75 
0.4 
0.6 


0.35 0.17 0.45 


0.35 
0.35 
0.35 
0.35 
0.35 3.15 
0.10 11.0 
(0.2) 6 
0.15 4.0 


1.1 
2:9 
0.5 
0.5 oni 
2.4 
10.25 
5.6 
3.4 





* It was felt that the vault needed 
oethe ¢ subdued. The modelling light did 


and 
not reach the 


some direct light was provided notwithstanding the chance that it might not be 


the effect was satisfactory. 


groins, 
tar frontal was richly coloured, so that although not brighter than the screen it was more strongly emphasised. 
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Fig. 2. The nave. 


north arcade, so as to give the nave the appearance 


of full width. Light having a coherent directional 
quality in azimuth was obviously needed, and 
throughout the structure it was arranged that the 
light should come predominantly from the south. 
In fact it comes to some features from south-east 
and to others from south-west, according to the 
orientation of the surface lighted, the main 
direction of regard, and the requirements of 
comfort. The roof vaults were lighted from due 
east, which reveals their forms very well. But 
directional lighting in azimuth inherently imposes 
problems of glare. Solid shapes can best be seen 
when viewed a little up-light ; but that may involve 
a light source too near the main direction of regard, 
and consequent glare, so that modelling had some- 
times to give way to comfort. 


(3.4) Calculation of luminance and illumination 


The calculation of luminance and illumination of 
the principal surfaces in each of the main spaces 
was made according to the procedure described 
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in previous papers, From a consideration of the 
designed appearance and from experience, the 
apparent brightnesses required for the principal 
surfaces were written down, and the adaptation 
level estimated. The luminances were then found 
from Hopkinson’s curves as transformed by the 
author, and from these values and the measured 
reflection factors, the total illumination upon each 
surface was found. The contribution of inter- 
reflection was found by estimation from the 
luminances of the surrounding surfaces and 
subtracted from the total illumination to give the 
direct illumination required from the lighting 
equipment. The main table as originally written 
down for the nave appears in Table I, which gives 
the designed values of illumination and luminance 
for this main space. 

According to this calculation the south arcade, 
the south aisle wall and the vault of the nave 
required no direct light, but would receive suffi- 
cient by interreflection. Nevertheless it was 
decided to provide a little directional light to 
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the nave vault to reveal its form. The choir and 
transepts were worked out similarly. 


(3.4.1) Interconnected spaces 


An unusual problem was presented by the inter- 
connected spaces, when for example the choir 
vault and walls are seen past the organ from the 
nave (Fig. 2) ; the aisle wall is seen from the nave 
(Fig. 2), and the east transept walls from the aisles 


(Fig. 4). These features need to be of the right 
apparent brightness both when they are seen by 
persons within the corresponding spaces, and also 
when they are seen from another space. This 
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Fig. 3. The choir. 


was taken into account by a simple inversion of 
the arithmetic of the calculation, with adjust- 
ments as necessary. 


(3.4.2) Non-mait surfaces 


The ribbed and panelled surfaces of the choir 
walls and roof would evidently not behave as simple 
matt surfaces when directionally lighted. For- 
tunately some data were available of the reflection 
properties of a corrugated surface, which acts like 
an anisotropic reflector, and it was possible to take 
this effect into account, for the conditions were 
simple. These surfaces were to be lighted by 
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direct light all coming from a known direction, 
and also by interreflected light which was fairly 
completely diffused. The important directions 
of view were also fixed. In working out the 
luminance, therefore, the calculation was slightly 
modified ; the appropriate luminance factor for 
the known directions of incidence and view was 
used for the direct component, and the diffuse 
reflection factor for the indirect component. In 
fact the effect of the ribs was underestimated by 
ti’s procedure, since their moulding was more 
pronounced than that of the surface for which 
data were available. 


(3.5) Approximate calculation of installation 


The amount of direct illumination required upon 
each principal surface was now known, and the 
positions and type of equipment to provide it 
had become clear from the preliminary work ; 
silvered glass reflectors of various kinds would be 
used. An approximation to the power required, 
number of units, etc., was*worked out on the basis 
of flux. The lamp flux required for each pro- 
jector or group of projectors was found approxi- 
mately as follows: the area of each principal 
surface lighted by the group was multiplied by 
the direct illumination required, giving the total 
flux required to those surfaces. The total flux 
was divided by the fraction of the lamp light 
output which was expected to reach those surfaces 
using the proposed type of equipment,* and also 
by an allowance for depreciation, to give the total 
lamp flux required from the group; a suitable 
number and wattage of units for the group was 
then decided. 

From this calculation a preliminary schedule 
of the principal lighting points was made, showing 
the positions of the equipment, the lamps, the 
electrical loads, etc., from which the eiectrical 
installation could be designed with reasonable 
confidence. This specification was issued, with a 
provisional quotation for material, about three 
weeks after commencing the calculations. 


(3.6) Detailed calculation of installation 


It was now necessary to verify the approximate 
calculation by a detailed calculation based upon 


the polar light distributions of equipment. This 
calculation is easier in an installation of con- 
cealed lighting of this kind, since the equipment 





* The fraction of flux reaching the lighted surfaces is not the 
utilisation factor, for it does not include interreflected light ; it is 
allied to the“ direct ratio’ of the Jones-Neidhart method, except 
that it applies to all lighted surfaces, not to the working plane only. 
For silvered glass reflectors, which were decided upon for this 
installation, the factor is higher than might be expected and in many 
situations it approximates to the light output ratio. A possible 
name for it might be the “ utilised direct light factor.” 
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is arranged with individual units lighting specific 
features, and therefore capable of individual ad- 
justment and variation. An installation of pen- 
dant fixtures, with symmetrical distributions, 
would be more difficult to handle. 

Nevertheless, even the simpler case presents 
new problems of calculation. A device which 
was found particularly useful is illustrated in 
Fig. 5.(*) The field of view of the projector was 
plotted on an isocandle web, and the light distri- 
bution of the projector was superimposed in the 
correct orientation. The intensity which would 
reach each feature of the interior, and all the 
relevant angles, could be immediately read off, 
and the resulting illumination calculated with a 
Holmes slide rule.(‘) The type, wattage and 
orientation was found by trial and error on this 
diagram. There was the further advantage that 
the projection showed not only the light which 
was going where it was wanted, but also that which 
was going where it was not wanted and which 
might cause glare or interfere with modelling 
effects ; it also showed contributions from the 
installation designed for one space which would 
arrive in another, say through an arch. Where 
an array of similar projectors was lighting, for 
example, a wall, the summated effect of the array 


Fig. 4. South aisle and transept. 
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could be quickly found from the results from the 
isocandle projection for one projector : for example, 
if the illumination on a wall from one projector 
was calculated for a point opposite to that 
projector, and then from the same projector at 
points opposite to each of the other projectors 
in the range, then the illumination on the wall 
from the whole range, at a point opposite to one 
projector, was the sum of the values so found. 
Many similar devices suggested themselves in the 
course of the work. 

The tracing of the projection of the interior was 
facilitated by master webs, similar to those used 
in the production of daylight diagrams, and with 
their aid such a diagram could be drawn from the 
drawings of the cathedral in less than 15 minutes. 
Another problem which was also solved by the 
preparation of a master web was the transfer of 
an isocandle contour from one orientation to 
another; for example, the distribution of an 
asymmetric reflector was required when tilted 
15° back and rotated 30° west of north ; it was not 
immediately obvious how to draw it from the 
conventional isocandle diagram. Calculations were 
also made to check the glare index and the 
modelling index in key positions. 

The installation was designed in this way 
92 


Fig. 5. Projection of nave 
arcade on isocandle web, 
with typical isocandle dis- 
tribution from projector 
oriented 20°E. 30° from 
downward vertical. 


from the drawings in considerable detail, and a 
revised specification was prepared giving for each 
position the details of the reflector type, lamp 
rating and type, orientation of reflector, and any 


louvres or spreaders and their orientation. Some 
of the necessary data involved laboratory measure- 
ments. The detailed specification, the calcula- 
tions for which were made in intervals of other 
work, was issued three months after the provisional 
one, which had in the meantime been approved. 


(3.7) Trial installations 


As the work proceeded trial installations in each 
main space were made to verify the scheme, and 
also to confirm the approval of the Cathedral 
authorities. Some modifications were made, re- 
sulting mainly from questions of daylight ap- 
pearance, and from glare from unexpected views 
of a projector, a trouble which could be foreseen 
from the drawings in so complex a building only 
by very detailed work not normally justified. 
There ‘vere some modifications resulting from 
activities in the Cathedral which had not been 
made known. On the whole, however, con- 
sidering the complexity of the building, the modi- 
fications to the paper design were surprisingly 
small ; they are detailed elsewhere in the paper. 
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Pig. 6. 

system. 

A—Projectors in N. triforium lighting half 
floor; hard cutoff at base of columns. 
Oriented due S.; repeated each bay. 

B—Projectors in S. triforium lighting half 
floor and N. arcade; oriented half 
bay east. Repeated each bay. 


E—Projectors in clerestory lighting nave 
altar, screen and organ. 


Sketch of nave showing lighting 


F—Projectors on screen lighting vault. 


<—4 


As is to be expected, it proved impracticable to 
carry out some ideas, either because they were not 
acceptable or on account of cost. One of these was 
the lighting from outside of the great East win- 
dow, which it hai been hoped might have been lit 
gently so that it did not appear blank by night. 
This would have been difficult, for the stained glass 
is not very dense and the projectors would have 
been close to it and would almost certainly have 
been seen through the window ; furthermore, they 
would soon have been made ineffective by soiling 
by birds who nest there. The author was relieved 
that he did not try this, on seeing later the win- 
dows at Reims Cathedral similarly lit, and learning 
that these much smaller windows had called for a 
lighting load of 14 kW. 


(4) Lighting Schemes 

(4.1) Nave 

The requirements for direct light in the nave 
were as follows: light was required upon the 
seating, on the south side of the north arcade 
directionally, and a little on the vault, also direc- 
tionally. No light was required on the south 
arcade. Directional light was required on the 
nave altar, and considerably less on the screen 
and organ. Directional light was required on the 
pulpit and lectern. All this directional light 
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should come approximately from the south, local 
variations being permissible ; the vault should be 
lit from the east. Glare to the congregation, and 
glitter from the equipment during the day, were to 
be avoided. 

The nave was lighted by two sets of projectors 
placed within the arches of the triforium, the only 
practicable site. Their action can be followed from 
the plan of Fig. 1 and the sketch of Fig. 6. It was 
desired to light the floor and the south face of the 
north arcade, but no direct light was required on 
the north face of the south arcade. The equip- 
ment on the two sides, therefore, differed. In the 
south triforium projectors of two different types 
were used at calculated orientations, lighting the 
floor and the opposite arcade up to clerestory 
level, the light being directed one half-bay east- 
ward. The original scheme had been to direct 
the light one half-bay westward, but this gave 
unacceptable glare to some clergy stalls and par- 
ticularly to the north aisle, for it was found that 
seating there, which is used occasionally, is set 
facing south. White straight louvres with a 
45° cutoff set vertically were added to prevent 
glitter from the reflectors by day ; they also re- 
duced glare at night. In the north triforium 
projectors of a single type were used lighting the 
floor only ; they were designed with special hori- 
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zontal louvres giving a 20° cutoff which prevented 
the light from extending to the south aisle or the 
south arcade. These projectors were oriented due 
south. Neither set was able to light the floor on its 
own side of the nave on account of the cutoff of a 
, string course ; this involved very careful location 
of the projectors so that they could light to the 
centre of the nave and yet not be too conspicuous 
by day. It was the more awkward since the string 
course was not straight with the triforium, pro- 
jecting further at the east end and causing diffi- 
culty in the most conspicuous place. At the west 
end the triforium does not extend to the two final 
bays, and groups of projectors had therefore to 
be mounted in the clerestory, where they are rather 
conspicuous ; but there is no other available site. 
All the main nave lighting is on two circuits, 
either of which gives even lighting of the whole 
area, 


(4.1.1) Nave altar, screen and organ 
The nave altar, screen and organ were lighted 
from a group of projectors on the south clerestory, 
as the necessary angles could not be attained from 
the triforium, where there was very little space. 
They were fitted with stray light shields and are 
on two circuits, which was convenient 
for lighting for different uses of the Cathedral. 
This arrangement gave the desired degree of 
modelling on the organ case and on the screen 
except for the south side of the screen where 
light from the projectors reached it nearly verti- 
cally ; light from the south aisle was therefore 
used to light the south side of the screen, restoring 
the modelling. 


(4.1.2) Pulpit and lectern 

The occupant of the pulpit was lighted by a 
projector on the capital of a column on the south 
arcade, and the reader at the lectern by a pro- 
jector in the south aisle, each located to give 
suitable modelling from the south side. The effect 
of these projectors was not at all theatrical, but 
when they were switched off the face of the 
preacher or reader became surprisingly “‘ flat ’’ 
and his expression harder to see. The pulpit 
projector could not be set higher on account 
of the cutoff of the sounding board, as was foreseen 


from photographs. 


(4.1.3) Nave roof vault 
The nave vault was lighted from two projectors 
mounted on the screen to the north of the main 


organ case and invisible from ground level. This 


light came from due east. 
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(4.2) Aisles 

The requirements for direct light in the aisles 
were that in the north aisle the floor and the wall 
should be lighted, the latter directionally from 
south east without spill in other directions. The 
columns on the aisle side and the tracery separating 
the aisle from the transept should be left dark. 
The south aisle should have light to the floor and 
directionally to the columns, the direction being 
from south west, with screening to avoid glare to 
the congregation and clergy. No direct light was 
required on the south aisle wall, or on the tracery 
separating the aisle from the transept. The north 
aisle was lighted from the capitals of the north 
arcade columns, where two louvred reflector lamps 
were used on each column lighting the floor and 
the wall; the light reached the wall from the 
south-east. This direction was best for revealing 
the form of the engaged columns, which were 
rather shallow, and some fine monuments; no 
problem of glare arose. Reflector lamps were 
used because they were small enough to be 
concealed there. 

In the south aisle (Fig. 4), to preserve the 
general south-north drift of light, the arcade was 
lighted but'the wall left darker ; the projectors 
were placed on the south wall, concealed above 
the capitals of the engaged columns lighting the 
floor and arcade. In this case on account of glare 
the projectors were oriented to light irom the 
south-west, and were furthermore provided with 
20° cutoff louvres set vertically. 


(4.2) Choir 

The choir (Figs. 3 and 7) consists of two spaces, 
the ritual choir situated at the crossing, and 
the presbytery to the east of it. At the east end 
is the high altar with the great east window 
beyond it. 

The ritual choir (Fig. 7) is occupied by dark 
wooden stalls, and the screen at the west end is 
also panelled. Above it is the organ, with a smaller 
choir organ projecting below the case of the great 
organ. This is the most important part of the 
Cathedral where daily services are held, some being 
very small conducted by clergy only, some with 
a small congregation. Larger services held in 
the choir involve a larger congregation extending 
to the presbytery. 

The requirements for direct light in the choir 
were as follows : light was required on the floor of 
the presbytery and sanctuary, and on the north 
wall directionally, preferably from south east 
without spill. The north wall of the crossing 
should be lighted from the same direction, but 
without light being visible to occupants of the 
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stalls on the north side. The roof was to be 
gently lighted from the east, and the tracery of 
the east window to be revealed from the south. 
The altar and reredos were to be suitably em- 
phasised and well modelled without inappropriate 
shadows on the carved figures. The west side of 
the organ was to be gently lighted by directional 
light from the south-east, invisible to occupants 
of the stalls. 

The Dean wished that the stalls in the ritual 
choir should have individual lights, as giving the 
feeling of intimacy appropriate to the small 
services. Indeed this was the only possible way of 
lighting the stalls, for no site suitable for con- 
cealed equipment was available in the crossing. 
Individual lights reminiscent of candles but not 
imitating them, were made in wrought iron by a 
Gloucestershire craftsman, Mr. Jukes, to designs 
by Mr. Ashwell, one of the Cathedral architects 
(Fig. 8). The north wall of the crossing was 
lighted in conformity with the general south-north 
drift, by projectors in the south clerestory invisible 
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Fig. 7 (left). Choir, looking west, 


. > 
showing stalls and organ. 


Fig. 8 (above). Local light in choir. 


from the stalls ; and the organ was gently modelled 
by a projector in the south transept lighting 
through the transept arch. These sites were 
worked out entirely from the drawings. 

The presbytery was lighted by a multiple 
system, shown in the sketch Fig:-9. The only 
available site for lighting equipment was the choir 
triforium, which in contrast with the cramped 
nave triforium is spacious, with large traceried 
openings to the choir (Fig. 10). The floor of the 
choir was lighted by groups of small reflectors on 
both north and south sides set in the tracery 
below the transom, lighting straight across ; their 
light did not extend up the opposite wall. To 
complete the lighting of the opening and to show 
its proper proportions, “ striplite’’ lamps were 
set on the top of the transom, at the suggestion 
of the architect. To give the effect of a south- 
north drift, the north wall was directionally 
lighted by a pair of projectors in each bay on 
the floor of the triforium and invisible from ground 
level. These were focused to give a narrow beam 
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Fig. 9. Sketch of choir and presby- 

tery showing lighting system. 

H—Reflectors in N. and S. triforium 
lighting floor, oriented S. and N. 
respectively. Repeated each bay 

G—Projectors in S. triforium lighting 
N. wall, oriented one bay to west. 
Repeated each bay. 




















K—Projectors in S. triforium lighting 
altar and reredos. 


M—Projectors on feretory lighting 
vault. 


X—Desk lights on choir stalls. 



















































































Fig. 10. Equipment in chow tri- 
forium, 


and fitted with a wide-angle spreader glass which 
spread the beam vertically to fit one panel of the 
opposite wall, the projectors being oriented to 
light the panel to their west ; this gave, as in the 
north aisle, the preferred slightly down-light 
illumination of the wall which best revealed the 
delicate vertical ribs. It was unfortunate, but 
unavoidable, that the lighted openings to the 
triforium caused an interruption to the full height 
of the vertical ribs. 


(4.2.1) High altar 


The high altar was lighted by a group of pro- 
jectors in the south triforium (Fig. 10), fitted with 
spill shields, and on two circuits arranged to give 
three levels of lighting. The positions had to 
be carefully selected to avoid inadmissible shadows 
on the figures in the reredos which were in full 
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relief ; the correct positions were predicted at an 
early stage from photographs taken from possible 
sites. It was found later, however, that at certain 
services clergy standing at the altar cast a shadow 
across the service book; to overcome this, two 
reflector lamps were added in the next bay to 
light the book and dilute the shadow. 


(4.2.2) Choir pulpit 

The choir pulpit was lighted by a reflector lamp 
in the south choir triforium hidden except from 
the pulpit. No extra lighting was needed for the 
lectern. 


(4.2.3) Choir vault 

The particularly beautiful lierne vault of the 
choir was lighted over its full length, by two 
projectors on the wall of the ‘‘ feretory,’’ the stone 
reliquary immediately behind the reredos. Light 
from this direction was essential to show the 
form of the ribs, which were largely revealed by 
shadows and the contrast of the lighted and 
unlighted sides. 


(4.3) Transepts 


In both transepts the predominant south-north 
drift was to be retained. Each is used occasionally 


Fig. 11. 


The north ambulatory. 
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for services conducted in the small chapels, seating 
being set in the transept in front of the chapel. 
In the south transept book tables are set on the 
north side which also require light. The walls 
are visible from the aisles and ambulatory and 
should be directionally lighted to provide a 
suitable vista ; the roofs, particularly in the south 
transept, need directional light from the south. 

The south transept was lighted by projectors 
located in a gallery on the south side and in the 
triforium on the east side. The floor was lighted 
from the south gallery by four reflectors similar to 
those in the presbytery ; as they had to light the 
seating and also the book tables which are further 
from the wall, some glare resulted there, and the 
solution was not ideal; but it was very difficult 
to find alternative means. The preferred solution 
would have been local lights for the book tables, 
but these were not desired. Other projectors in 
the gallery lighted the east wall and the roof, and 
all were fitted with louvres, spill shields or 
spreaders. Those in the triforium lighting the 
west wall had to be located with especial care, 
or they would have been visible through the 
tracery right down the nave. 

The floor of the north transept was lighted 
by a group of four reflectors in the triforium on the 
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east side, which also lighted the reliquary on the 
north wall. The east wall and roof were lighted by 
projectors on the back of the choir stalls, and the 
west wall by light from the choir triforium which 
lit the crossing, coming through the transept arch. 


(4.4) Ambulatory 

The ambulatory was lighted by experiment, 
using small reflector lamps and two spotlights to 
light individual monuments leaving subdued spaces 
between them, which gave an interesting and 
dramatic effect (Fig. 11). Care was taken to 


light the steps well, which also gave a pleasing 
effect as seen from the transepts. 


(4.5) Lady Chapel 

The Lady Chapel (Fig. 12) presented perhaps 
the most difficult problem in siting the equip- 
ment. The solution was not ideal ; the walls were 
cross-lighted by projectors with 20° vertical 
iouvres set in the triforium chapel above the west 
entrance ; these projectors also lighted the front 
seats. The altar and reredos were lighted by 
projectors in a gallery on the south side, reinforced 
by a small reflector in the sedilia on the south side 
to dilute the shadow on the service book, as in the 
choir. It was intended to light the seating by 
small reflectors in the tracery of the triforium 
chapel at the back, but this was not installed as 
the chapel is rarely used in the dark and the 
congregation is usually very small. It was 
unavoidable that the very fine stonework was 
viewed up light and its forms tended to be 
flattened. An existing trough lighting the tracery 
to the triforium chapel was retained, and the en- 
trance below it lighted indirectly by reflector lamps 
concealed in two niches. The clergy stalls were 
lit by desk lights as in the choir. 


(4.6) Other chapels 

Four other small chapels were already lighted 
by two projectors, one at each side ; one of these 
was directed to the altar and the other to the 
roof in each case, an arrangement which greatly 
improved the flat effect resulting from a 
symmetrical arrangement. 


(4.7) Other lighting 

Lighting was also installed in the crypt, chapter 
house, library, tower, cloisters and other spaces ; 
this lighting does not call for special comment. 


(5) Lighting Equipment 
The whole of the lighting was carried out with 
tungsten filament lamps, which simplified main- 
tenance. It was specially important, however, 
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that the installation should not be marred by 
maladjustments occurring during maintenance, 
and special thought was given to this problem. 
Most of the lighting, other than the desk lights, 
was carried out by three types of equipment only : 
reflector lamps, used only in the north aisle, 
ambulatory and one or two other positions ; small 
silvered glass reflectors used in the presbytery and 
transepts and not very critical in their mounting ; 
and in almost all other positions by a projector 
designed for the purpose and illustrated in Fig. 13. 
It was designed to use a silvered glass reflector 
(two types were used) and a variety of lamps, 
giving a choice of distributions ; it provided for 
attachment to stonework in awkward situations, 
for easy orientation, rigid clamping, for main- 
tenance without disturbing the settings of either 
the reflector or any auxiliaries such as spreaders or 
louvres, and for safety in case of a glass cracking. 
The base of the design was a cast aluminium ring 
with a boss at the edge by which it was supported 
from a 4-in. steel rod, bent as required on site. 
This boss gave two angular motions at right 
angles, and movement along the length of the rod ; 
motions were clamped very securely by cotters. 
The reflector was held by the mouth against 
this ring by springs attached to the gallery, so that 
the glass was firmly held in compression by elastic 
constraints ; should it crack, which was not likely, 
the pieces would be held together. The cast 
gallery had a well-engineered adjustment for focus, 
but accessible only by removing the cover and 
not normally touched. Any louvres or spreaders 
were fixed to the other side of the ring, and did 
not need to be removed for maintenance. It was 
wired by asbestos-covered flexible wire to a plug 
engaging in a socket which terminated the 
permanent wiring in mineral-insulated cable. 

To clean or change lamps the three springs are 
unhooked and the reflector and lamp lifted off 
the ring without disturbing its setting or that of the 
louvres or glass, both sides of which are, however, 
then accessible for cleaning. The reflector and 
lamp can, if desired, be unplugged and taken right 
away for cleaning and relamping, and restored 
exactly in position. (See Fig. 10.) 


(6) Control 

A description of the distribution and control 
system, for which the contractors were entirely 
responsible, is outside the scope of this paper. It 
may be mentioned that the installation, except 
for the lighting of the chapels, was all controlled 
by direct switching from a board in the vergers’ 
room under the screen. There was also a facility 
whereby the whole of the electrical installation 
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Fig. 12. 


The Lady Chapel. 


Fig. 13 a and b. Left, projector as- 
sembled. Right, projector dismantled 
for maintenance showing stray light 
shield. 


was fed through a main contactor controlled 
from the vergers’ room and from two of the 
entrances, so that on leaving they would set up 
the lighting for the first service next day and 
switch out using the contactor controlled by a key 
switch at the door; this ensured that the whole 
lighting system, and the organ, was left ‘ dead.” 
On operating the key switch on the following 
morning the appropriate preset lighting is im- 
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mediately switched on. Charts were prepared 
showing the switching desirable for each type of 
service: a colour code on the switches was de- 
signed to assist. The lighting design provided 
great flexibility in lighting for different occasions, 
and some beautiful effects occurred with partial 
lighting only. The switching charts also showed 
the cost of each arrangement of lighting. Cathedral 
staff are properly sensitive to costs, and tend not 
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to make full use of the facilities in the interests of 
economy ; it is hard to realise that in fact the 
energy used in the nave is less than half that con- 
sumed by the old bare lamps, and the cost of 
energy for lighting on the most elaborate occasion 
in the Cathedral is less than ten shillings for the 
whole service. 

Instructions were also drawn up for the use of 
maintenance staff. 


(7) Results, Criticisms and Conclusions 

The results of the lighting can be judged to 
some extent from the photographs here repro- 
duced ; but cannot fully convey the 
impression of moving about in the building.. Tests 
indicated that the required values of luminance 
had been in most cases sufficiently nearly achieved; 
the inevitable small modifications naturally caused 
some variations from the original intentions. 
There were a few corrections to the design in size 
or number of lamps which were due to a wrong 
initial specification. In the finished installation 
the choir was not sufficiently bright when seen 
from the nave, probably owing to the effect of 
the ribs on the stonework which was greater than 
allowed for ; and because the window was not lit. 
There was perhaps a little too much light in the 
nave, probably partly because too much was 
specified and partly due to an unexpected build-up 
, of stray light from louvred projectors. There were 
some positions in which projectors were unavoid- 
ably conspicuous. The general effect, however, 
was very closely that which was sought from the 
seater 


Two general conclusions can be drawn from the 
installation. First, that the method of designed 
appearance calculation was technically justified, 
and that with minor exceptions the desired effects 
were achieved with a minimum of adjustment and 
experiment. The possibility of costing the job at 
an early stage was specially valuable. 

The second conclusion is that the technical and 
aesthetic sides of the design were inseparable. At 
every stage the designer had to be a lighting 
engineer and (so far as he could) an architect at 
the same time, for many of the compromises 
involved were between the technical and the 
aesthetic requirements. It-would have been very 
difficult to have solved them by discussion between 
two individuals, each familiar with one discipline 
only. There is probably no escape from the need, 
foreshadowed ten years ago by the author, for 
“lighting artists ’’ who are expert in both the 
technical and the architectural sides, though it is 

i that not everyone is temperamentally 
fitted to balance the two requirements. 
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The final observation must return to the building 
itself. Its great beauty, the astounding skill and 
craftsmanship of its builders, and its long history 
and tradition, were profoundly impressive ; and it 
is hoped that the men of this century have been 
able to bring, as craftsmen have brought in 
successive centuries, the best of their own time to 
enrich the work of their predecessors. 

It is a particular pleasure to record the skill and 
patience of the two men on the contractors’ staff, 
Mr. Geoffrey Saunders and Mr. Leslie Perkins, who 
carried out the whole of this large installation with 
the least possible disturbance to the fabric ; and 
to thank the directors and staff of Messrs. Drake & 
Gorham Ltd., the contractors, the Cathedral 
architects and the Dean and Chapter of the 
Cathedral for their guidance, and for permission 
to publish this paper. 
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Discussion 

THE VERY REVEREND THE DEAN OF GLOUCES- 
TER: It is very kind of you to ask me to come 
here and to hear Mr. Waldram’s paper and to see 
these admirable slides, and then to open the dis- 
cussion, I want to begin my bricf contribution 
by saying how pleased we are at Gloucester with 
this installation. I have had a good deal to do 
with the lighting of churches and other buildings 
over a period of years, and I have not always been 
able to say that about it. There was a time when 
I hoped to have a large number of illuminating 
engineers before me so that I could tell them what 
I thought about them! That moment seems to 
have come, and it is a great delight to be able to 
say how very pleased we are at Gloucester ; the 
more we see of it the more we appreciate it, and 
it is being admired by people who come from all 
over the country and from other countries 

As I have the opportunity, may I say one thing 
about the lighting of churches. It is so delightful 
to me to hear Mr. Waldram talking about the way 
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in which to light a church, not as an Ancient 
Monument, and not merely because people have 
got to be able to read. You have to consider the 
use of the building, which is for worship. I have 
spent some time trying to help people to light 
parish churches. I am sure many of you have 
had a hand in that too, and if so I am sure you 
will give even greater emphasis to the use of light 
either for religious or cultural use. 

I do not believe lighting experts at any level 
realise what a dangerous weapon they have in 
their hands. You can ruin the best building in 
the world with lighting. It would take several 
months to knock Gloucester Cathedral down, but 
bad lighting would ruin it in no time. On the 
other hand you can enhance its beauty, make it 
more beautiful than in daylight for the work it 
has todo. There is tremendous opportunity, and 
I think perhaps it is not always realised. For 
instance, it is usually hard to buy commercial 
fittings which are fit to use in a church. I hope 
that the lighting experts are beginning to think 
about that. The heating experts certainly aren’t. 


There is a tremendous opening for the heating and 
lighting of churches by modern means, but can you 
be surprised that organisations such as the Central 
Council for the Care of Churches of which I am 
Chairman must so often advise against all the stuff 
in catalogues, because when it was made people 
had no intention of putting it in a place of 


worship. 

There is a philosophy of lighting a church which 
somehow or other must be glimpsed by people who 
are going to do that sort of work in churches. 
I went to a picture gallery the other day. It was 
a large room and the people had managed to light 
it indirectly from the cornice so that the whole 
of the ceiling was illuminated. You had the feeling 
of being like a goldfish at the bottom of a tank. 
We could see to get about, but it was an un- 
comfortable feeling, and it had an effect on the 
way in which we looked at the pictures. I know 
indirect lighting is the thing to have, but what is 
the good of it if it makes people feel uncomfortable? 
It should make you feel at home and cheerful in it. 
At Gloucester Cathedral it does that. In designed 
appearance lighting I am sure we have a new 
approach for all churches or indeed large rooms, 
galleries or private houses. A church has got to 
look and feel like the kind of building in which I 
can say my prayers, and I am sure that is how 
you have to do it. You start at that end; what 
the means are going to be is something you experts 
can work out. Mr. Waldram and his team worked 
it out successfully, but nothing you use must 
interfere with the general appearance of the build- 
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ing or the feelings you are going to experience 
when you go inside it. The system at Gloucester 
suits the building and gives the right atmosphere. 
But it would be a mistake to suppose that the same 
methods would give an equally good result in a 
small church. Every church is a new problem for 
designed appearance, and thc appearance must be 
one which leads the user towards worship. 


Mr. R. L. C. Tare: The choice of Gloucester 
Cathedral for the first large scale application of 
Mr. Waldram’s system seems to me especially apt. 
Gloucester Cathedral is an exceptionally noble 
building, made up of two dissimilar parts, each of 
which is excellent of its kind, one indeed, showing 
the work ofa pioneer of genius, utterly revolutionary 
in its conception, and yet resting on tradition for 
its basic form, and even in its most daring innova- 
tions showing the solid foundations of previous 
work, 

Mr. Waldram is himself a pioneer of genius. 
In the early thirties he turned the current con- 
ception of street lighting upside-down by realising 
that it was not the light from the lantern directly 
above the observer that mattered, but that from 
those several hundreds of feet away. The foot- 
candles measured on the road surface were of little 
account, what mattered was the brightness pattern 
seen by the motorist. His theory of silhouette 
vision, involving as it did literally shining the light 
in the motorist’s eyes, was regarded with horror 
by the street lighting engineers of his time, but it 
has proved to be the basis of all modern practice, 
and has led to the long pre-eminence of this country 
in this field. Shall we say that this was Mr. 
Waldram’s Norman nave? Solid, graceful and 
nobly proportioned, it was work which was built 
to last, and has indeed endured. Now like the 
unknown master mason who built the choir, Mr. 
Waldram has gone on to clothe the solid masonry 
of his former work with an amazing structure 
designed not only to serve a practical purpose but 
to delight the eye. That great architect allowed the 
Norman piers of choir and presbytery to be seen 
behind his airy screens of stone, but make no 
mistake, the apparent decoration was the result 
of careful calculation, and those elegant shafts 
and panels help to support the ponderous vault 
above. The final stroke of splaying out the walls 
of the last two bays so that the east window seems 
to fill the whole width of the choir was a calculated 
stroke of genius that fairly takes one’s breath 
away. Similarly in Mr. Waldram’s present work 
we can see the framework of mathematical calcula- 
tion supporting the exquisite play of light and 
shade, and we realise that these effects were not 
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produced by accident, they are the result of the 
application of a phenomenal store of lighting 
knowledge. 

I believe that medieval architects were very 
conscious of this play of light and shade, and it is 
not too much to suggest that the perpendicular 
style sprung, not as the Victorians would have us 
believe from a scarcity of masons after the black 
death, but from a deliberate attempt to make use 
of the predominantly glancing or horizontal direc- 
tion of natural daylight in these latitudes. That 
is why our national style emphasises the vertical 
lines, and artificial lighting should do the same. 
It did not happen by accident any more than 
Mr. Waldram’s results happened by accident. 


At the beginning of his paper, Mr. Waldram 
stated that the first step in designed appearance 
lighting is to decide upon the appearance desired 
for the lighted interior, at the end he concludes 
that there is a crying need for lighting artists who 
can carry out such installations. This, I think, 
exposes the weakest point in his argument. 
Before these exact calculations can be made, one 
must have a very accurate mental picture of the 
play of light on varying surfaces, its reflection 
from different angles, the proper balance of light 
and shade. I wonder how many architects, 
not to mention lighting engineers, can even begin 
to do that. A great many architects’ drawings, 


particularly of interiors, take no account of lignt 
at all. They do not seem to realise that the light 
on coloured surfaces will affect the appearance of 
these surfaces, and indeed it appears that we have 
got to educate ourselves very carefully on the effect 
of light on different sorts of surfaces. 


There is one very small criticism of the nave 
lighting. When I was there I thought perhaps 
you had overdone the directional flow of light 
towards the western part of the nave, and I was 
conscious of a certain amount of glare from the 
lamps in the triforium. Later on when I looked 
westwards there was no glare. If you raise your 
eyes a little you get a considerable amount of 
glare from that particular row of fittings, and I 
think if you had sacrificed a little of the modelling 
on the pillars, you might have escaped this. 
One thing I did notice—one saw details one had 
never observed before, as for example the 15th- 
century niches carved on the pillars, which I do not 
remember observing in daylight, and in conclusion, 
I must say that the daylight appearance is superb, 
and it was quite difficult to see where the lighting 
equipment was. I do congratulate Mr. Waldram 
on a first-class job, and I recommend everybody 
here to go and see it. 
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Mr. J. P. Inacuis: I have had the pleasure of 
working with Mr. Waldram on this undertaking 
and indeed had the opportunity of discussing 
with him the details of his paper in the early 
stages of its preparation, therefore it may be 
inappropriate for me to comment upon it at this 
stage, except to compliment him on the excellence 
of its presentation and the pictures he has shown 
to us. 

There are, however, one or two points I would 
like to touch upon by way of underlining. First 
of all the question of experiment, to which Mr. 
Waldram has referred. As far as I can see it is 
almost impossible to eliminate it entirely by pre- 
planning, but on the other hand when one has to 
face the problems of installing very considerable 
quantities of cable in a beautiful old building like 
Gloucester Cathedral, practically the whole of it 
attached to the surface of the structure, it is of 
the greatest value to the people I represent to 
know pretty clearly beforehand what is going to 
happen and be able to go with a considerable 
degree of certainty along the right route. 

It is necessary to remember this part of the 
installation is by far the most costly and work 
done wrongly is extremely expensive to alter. 
There are, of course, a few tricks ; just in case we 
may want to alter our switching arrangements 
later we take advantage of the multicore cables 
in the system used to leave a few spare cores along 
certain routes and, indeed, this has proved a wise 
precaution. 

The next point concerns the speed at which such 
a project should be undertaken. Proceed slowly 
is my advice. I think that proceeding slowly, 
not being in a great hurry, always prepared to have 
time to listen and consider carefully the observa- 
tions of others (and they have been most useful) 
has not let us down. 

I recall one of my conversations with the Dean 
in the early stages, when I said that so far as 
possible we were attempting to do something 
which would last for 100 years. By the elimina- 
tion of ferrous metals and in other ways we have 
done something which will last and I believe time 
will prove that to a very large extent we have 
succeeded. 

The Dean has many colleagues and in all 
sincerity we welcomed and learned a lot from their 
comments and suggestions, even if we tried to 
do a bit of educating as has been suggested. 
Proceeding slowly with a small staff I think is the 
secret in tackling a project of this sort; in that 
way you get the spirit of the place, which is 
essential. 

There is one small point which perhaps empha- 
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sisés what has been said about the co-operation of 
all concerned. You have seen those delightful 
little candle type standards on the choir stalls. 
Quite obviously with fittings of that design, 
mounted on the front of the racks, there is a 
wiring problem. It so happened that the racks 
were being modified, and I suggested that some 
parts of the new racks could be tubes ; immediately 
the architects agreed and thus a problem was 
solved, and in fact the cable runs within the rack 
itself. 

I think it appropriate to refer to the Rev. G. S. 
H. Worsley, the Rector of Kingsland, who was 
preaching in the Cathedral on Remembrance 
Sunday evening and said : “ the resulting effect is 
not merely efficient, but brings new life to parts of 
the building not previously appreciated. The 
general impression is to reveal at a glance the 
astounding beauty of the architecture of what is 
regarded as one of the finest Cathedrals in 
England.” I think we have all tried to add our 
contribution to that beauty. 


Mr. F. P. BentHam: It is impossible to over- 
estimate the importance of this paper and the work 
at Gloucester. We should, however, constantly 
remind ourselves that the method and the ca! sula- 
tions are as nothing compared to the original 
decisions of level and direction which then had to 
be planned. We must have the inspiration of 
the artist here, an inspiration which has its genesis 
in a loving and devout study of the cathedral and 
its use as described by Mr. Waldram. This 
dramatic lighting has its origin in the theatre and 
where effective there it is the result of the same 
saturation in and study of, in that case, the play. 

Of course in lighting for the stage one does not 
encounter problems of glare, actors expect it and 
are often unhappy at its absence. It is probably 
impossible to avoid some glare and doubtless the 
important thing is to give a good first impression 
as each vista opens up, also to avoid glare com- 
pletely from the point.of view of those taking part 
in services. The dimming of some of the circuits 
may be an aid. 

Although a gothic cathedral provides difficulties 
it also provides, unlike any other building, cover 
and concealment. The passages in the triforium 
are a gift, as are the many other nooks and crannies. 
The scale also tends to dwarf the equipment and 
the colour of the stone is helpful. The daylight 
appearance at Gloucester is perfect. 

I do not care for the expression ‘‘ Designed 
Appearance’ lighting; the true expression is 
“ Painting with Light,” and I always use this 
to describe the process of lighting in a stage or 
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television production. It also stresses the artist 
whereas Mr. Waldram’s title stresses the illu- 
minating engineer. I agree the artist must be 
trained and skilled in his technique, in this case 
engineering, but the engineering must be the 
servant. There is nothing more aggravating than 
working with a man who has not the training or 
skill to carry out the ideas within him. In any 
case lighting cannot be conceived in the air, it 
must spring from the units and sources available 
to carry it out. 

This raises the point of co-operation between an 
artist and an illuminating engineer where the 
talents are not combined in one man. I do not 
believe anything exciting comes out of co-opera- 
tion ; two men are well on the way to design by 
committee, which is the way to mediocrity—unless 
of course the committee contains one man in which 
passion burns—then it is a smokescreen not a 
committee anyway. 

Mr. Waldram refers to the large number of 
assistants, amount of time spent on calculation, 
experiment, photographic survey, etc. This is a 
hidden overhead absorbed somewhere in his 
company’s finances as—research, prestige, or even 
publicity. The Gloucester lighting sets a standard, 
the result of loving care and prodigious deployment 
of talents and training. Economics will insist 
on a more routine treatment for successive jobs. 
A job among many others for some assistant in 
I.E. department. Lighting design is a very real 
charge and the client has got to be educated to 
pay for this. To some extent the occasional full 
treatment lavished by wealthy firms on prestige 
jobs only confuses the issue. 

Lastly, there is the question of maintenance. 
I believe Mr. Waldram has taken a real care over 
this serious matter. Cathedrals can involve 
much time-consuming stairclimbing on this count. 
I feel that his precautions can easily be let down 
by the poor quality of tungsten lamps nowadays. 
I hasten to add that this remark should not be 
taken to mean that I advocate fluorescent lamps 
for church lighting. 


Mr. B. J. ASsHwetL: I was one of the joint 
architects concerned in this installation, and I 
think in answer to the last speaker, the eternal 
British habit of compromise is what happens. 
As a designer myself I realise that one does have to 
compromise. I have never achieved sufficient 
fame to be able to say to my client, “‘ that is what 
you are going to have.’ The Dean, too, has 
certain ideas and is very definite about them. If 
the designer and the Dean had been equally im- 
placable Gloucester Cathedral would not have 
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been lit at all. I think it is an important point 
to remember that it was a brilliant combined 
operation. -The design was right in the start and 
right all through, and I think the more we can 
combine the better will be the result. If Glou- 
cester Cathedral has been a great success it is 
due to team work all along the line. Once again 
I would like to say Mr. Waldram achieved great 
success. From the architect's point of view I 
have seen things in the Cathedral I have never 
seen before and it has made the building even more 
beautiful to me than it was previously. 


Mr. J. S. Harr: In listening to this paper and 
in seeing the slides it is obvious now, if not at first, 
that concealed lighting was the right answer for 
this Cathedral. Mr. Waldram must have been 
very fortunate in finding the Dean and Chapter 
having the same ideas. I rather wonder what 
would h-ppen to some lighting engineers if their 
clients did not have ideas lining up with their own. 
What would have happened if the Dean and Chap- 
ter had wanted suspended fittings? Would he 
have produced the same result or would he have 
tried to talk them into having a concealed form of 
lighting? Must we try to do that or must we 
accept the client’s wishes and try to make the best 
of it ? 


Mr, A. G. Penny: On the generality of the 
discussion rather than on Gloucester Cathedral, 
I would like to take the opportunity of opposing 
the conception that an artist cannot be an engineer 
and an engineer cannot be an artist. It seems to 
me as evident that if an artist can translate his 
ideas into matter in the forn: of a painting, a statue, 
or even a musical score he is, in this action, becom- 
ing an engineer. It may well be that he applies 
the paint, or carves his marble, in a laborious 
manner and thereby betrays his incompetence as 
an engineer ; he is nevertheless both an artist and 
an engineer. Similarly an engineer cannot pre- 
vent some element of artistry creeping into his 
engineering. It surely follows that by making 
the effort a good engineer who is a bad artist can 
become a better artist whilst still retaining his 
engineering ability—and vice versa. We cannot 
all be Leonardo da Vinci but at least we can aspire 
to a corresponding breadth of understanding. 


Tue AvtTHor (in reply): May I express my 
appreciation of the discussion, and of the way in 
which this paper has been received. Perhaps the 
most important point, emphasised by everyone, 
was that this was a team job, and if that alone is 
appreciated I am content, but it is very gratifying 
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to all of us engaged on this job to hear from the 
Dean that it has succeeded. 

It is very satisfying to find an ally in the Dean 
over the question of indirect lighting wrongly 
used. I have fought it for years, and am very 
glad to have this independent confirmation from 
someone at the receiving end of a lighting scheme. 
He is very right too in stressing that in lighting a 
fine building we are using a dangerous weapon. 
We have thought for a long time of architecture 
as a visual art, a marriage of light and form, so 
that without light there is no architecture. 
Gloucester Cathedral would still be a fine cathedral 
if it had no heating ; but if it had no lighting you 
could only go and feel it; it would cease to be 
architecture at all. The lighting engineer stands 
in a closer relation to the architect than anyone 
else engaged on the services to the building ; he 
touches the very stuff of architecture itself ; and 
if he is to do his job, he must in some sense be an 
artist, as several speakers have pointed out. 

But I cannot go so far as Mr. Bentham when he 
said that calculation does not matter. The 
lighting engineer is also in exactly the same 
position as any other specialist on the building. 
The architect sees the building in his mind’s eye 
before he puts pencil to paper; but the building 
has got to be costed and built, and it has to stand 
up; and that is where the engineer comes in, 
and where he has to calculate. The lighting 
artist, either the architect or the lighting man in 
that guise, lays down what the appearance should 
be ; then it is for the engineer to design the installa- 
tion to produce it, and at that stage I certainly 
believe in calculation. It saves an enormous 
amount of cut-and-try, and without it we could 
not have done Gloucester as we did. Certainly 
the cost of arriving at the design would have been 
far greater. 

Mr. Bentham in raising the question of the cost 
touches ar. important point, which I do not think 
the lighting industry has satisfactorily solved. 
In this case it was done partly as a research project, 
and partly, one must confess, in the spirit of the 
line from Wordsworth’s ode which [| quoted. 
But Mr. Bentham is right in suggesting that 
routine jobs can usually be done far more simply, 
drawing on the experience of a few jobs designed 
in detail as this was. That is the course we fore- 
saw from the beginning, and it provides the 
justification for doing a few jobs like this. 

As to the lighting artist, referred to by Mr. 
Bentham, Mr. Tate, Mr. Penny and others, I 
referred in the paper to my Presidential Address 
in which I made a plea for the training of such 
men, skilled in both art and engineering. There 
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are probably more of them than we suppose, but 
perhaps as someone has pointed out there are not 
very many men of the temperament to combine 
the two disciplines. But we must have them, 
and I hope that more effort will be directed to 
their training. 

Mr. Tate refers to the blemish in the west bay 
of the nave. I was very much aware of this; 
this bay provides no triforium and the reflectors 
have to be in the clerestory, and the solution is 
not altogether satisfactory. It was one of the 
difficult compromises forced on us where one 
cannot get everything right. 

I was most grateful to Mr. Inglis for his remarks, 
and wish that he had told us more about the very 
interesting electrical installation for which he was 
entirely respensible. We did what we could to 
make the lighting equipment reliable, but I am 
in no doubt about the quality and reliability of 


‘ DESIGNED APPEARANCE" METHOD : DISCUSSION 
his electrical work. 

Mr. Hart raises an old point about the extent 
to which one follows the client’s wishes against 
one’s better judgment, and Mr. Ashwell and the 
Dean have given the answer. I confess that 
before we had finished, I felt that I belonged to 
Gloucester Cathedral, and that Gloucester belonged 
to me; but it does not—it belongs to the Dean 
and Chapter, and as the Dean said, it is they who 
have to live with it. We did pause to consider 
chandeliers at one point, and settled it by experi- 
ment, in which the electrician added his weight ; 
he confided to me afterwards that he had mocked 
up the most horrible thing he could think of ! 
Perhaps it may be said that any large successful 
lighting job must be the result of happy collabora- 
tion of the client, the architect, the electrical 
engineer and the lighting engineer ; and that is 
what happened at Gloucester. 
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Prof. J. T. MacGregor-Morris 
1872-1959 


We regret to record the death on March 18 
of one of the Society’s original members and a 
familiar figure at its meetings from the beginning 
until only a few weeks before he died. John 
Turner MacGregor-Morris was born in 1872, the 
son of Dr. James Morris, and received his scientific 
education at University College, London. There 
he came under the influence of Ambrose Fleming, 
Professor of Electrical Engineering at the College, 
whose assistant he became in 1894 and an account 
of whose life he wrote for the fiftieth anniversary 
of the invention of the electronic valve. 

In 1898. MacGregor-Morris moved to the People’s 
Palace Technical Schools to organise classes in 
electrical engineering. The Schools developed 
into the East London College which in 1907 became 
a college (now Queen Mary College) of the Uni- 
versity of London, with MacGregor-Morris as 
Head of the Electrical Engineering Department and 
a Professor of the University. This post he held 
until his retirement in 1938 when he was made a 
Professor Emeritus. He was a Fellow of both 
University College and Queen Mary College. 

In the 1914-18 war MacGregor-Morris, in 
collaboration with A. F. Sykes, developed a sub- 
marine detector in the form of a sensitive direc- 
tional hydrophone, but the work for which he is 
best known in lighting circles is the long series of 
researches on the carbon arc as a standard of 
light, work carried out under his inspiration by 
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a succession of his pupils. A connected account 
of this work formed the subject of his addres to 
the Society, given at the Royal Institution ci. the 
occasion of his taking up the office of President 
for the Session 1940-41. He had previously been 
a member of Council and a vice-president and had 
served on many of the Society’s committees. 

Besides his numerous activities in The Illuminat- 
ing Engineering Society, MacGregor-Morris was 
a keen member of the Institution of Electrical 
Engineers, of which he became an associate 
member in 1899 and a member in 1905. On two 
occasions he was awarded a premium for a paper 
read before the Institution, in 1932 he gave the 
Faraday Lectures and in 1934-35 he was chairman 
of the Meter and Instrument Section. 

MacGregor-Morris’s principal recreation was 
music. In 1917 he married Annie Elizabeth 
Frances MacGregor who died in 1941. He will 
be long remembered by all who were privileged to 
know him. His kindly interest in the activities 
of others, his modesty and his integrity, rooted in 
firm religious convictions, endeared him, not only 
to his students, but to all who came into contact 
with him. He was present at the meeting of the 
Society in January of this year and it was a keen 
disappointment that his health would not allow 
him to attend the Jubilee dinner of the Society 
he had. helped to found. He will be greatly 
missed. 
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for Fellowship of the Society :— 
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The Council has accepted applications for the 
Society’s Diploma in Lighting Engineering from the 
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New Members 
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the Council to membership of the Society :— 
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